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FOREWORD 


To the best of our knowledge this encyclopedia is the 
first attempt to present in one volume a cross section of 
cathode-ray-oscilloscope theory and applications which 
embraces virtually all the field of activity where this 
device is used. 1t is a far cry from our original text, 
“The Cathode-Ray "Tube at Work," which appeared 
in 1935 and since that time has been reprinted thirty- 
three times, The present book is far more expansive 
and almost six times the size in words and even more 
than that in coverage, 

‘We can recall very vividly the appearance of the first. 
breadboard version of the cathode-ray oscilloscope in 
the early 1920's and the first commercial devices which 
appeared in the early 1930's. Fora long time thereafter 
it was considered the exclusive tool of the research en- 
gineer and was very much limited to the laboratories of 
the electrical and radio equipment manufacturers. Even. 
radio engineers found it a litle confusing at the begin- 
ning, so itis not surprising that when it was offered to 
the maintenance branch of the radio industry it met 
with only half-hearted interest. Some of the servicemen 
purchased equipment but it did not enjoy 
the popularity which it rightfully deserved. 

Today the capabilities of the device are fully recog- 
nized. The awe in which it was held for a long time has 
given way to an appreciation of its usefulness and the 
realization that t not only can do a better job in myriad 
fields than virtually all other test equipment, but, in 
addition, can lead to accurate, informative conclusions. 
Owners and prospective buyers have more respect than. 
ever for the device and also feel that its inner workings 
may be understood, that itis not the incomprehensible 
device which it seemed to be years ago. 

With the advent of World War II, especially the ap- 
pearance of radar, the cathode-ray tube came into its 
own. As a display element in these equipments it be- 
came familiar to many individuals who previously 
never came in contact with electronic devices. At the 
same time, it also became better known to those mili- 
tary personnel who in their civilian capacities were 
actively engaged in the electronic field. In addition 
many of these individuals came in contact with cathode- 
ray oscilloscopes, since they were very much in use in 
connection with the maintenance of radar equipments. 














Then with the cessation of active shooting in World 
War II and the rebirth of commercial television (it 
existed during 1939-1941), the commercial use of the 
‘cathode-ray oscilloscope was increased, for as televi 
receivers spread across the nation, so did the cathode- 
ray oscilloscope. It was a vital link in the chain of main- 
tenance operations, Of the many kinds of test equip- 
ment which can find utility in television servicing, the 
cathode-ray oscilloscope is without question one of the 
two most important ones, if not the more significant of 
the two. The other device we have in mind is the vac- 
uum-tube voltmeter. 

Concurrently with the increased use of cathode-ray 
oscilloscopes as a part of electronic equipment mainte- 
nance, there also took place rapid advances in the appli- 
cation of the device to clectronic equipment employed. 
in nonelectronic fields. The aircraft manufacturer, the 
industrial equipment manufacturer, the medical equip- 
ment manufacturer, and the educator all saw uses for 
the cathode-ray oscilloscope as a device which enabled 
more detailed analysis of actions. These stemmed from 
the development of devices known as “transducers” 
whereby nonelectrical phenomena are translatable into 
electric voltage and thus become suitable for applica- 
tion to the cathode-ray oscilloscope for visual analysis. 
Such actions as vibration, pressure, rotary motion, 
heat, light, and others now can be converted into volt- 
age and the equivalent signals displayed on the screen 
of the cathode-ray tube used in the oscilloscope, The 
information gathered in this way has been of іп 
mable value in all forms of research — electrical, medi- 
cal, industrial, atomic, — civilian and military. 

Today cathode-ray oscilloscopes are the most versa- 
tile of all measuring devices because they enable display 
of waveforms over a wide frequency range. In the early 
days of the equipment it was felt that a top frequency of 
100 ke was high. Today regular commercial apparatus 
are designed for performance at 100 Mc and the design 
details of oscilloscopes for operation at 10,000 Mc have 
‘been disclosed. With the rapid strides being made up 
the ladder of frequencies in the electromagnetic spec- 
trum, the capabilities of response of the electron beam 
will be utilized more and more. 
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In view of its tremendous breadth of usefulness, it is 
understandable that a single volume such as this, de- 
voted to the cathode-ray oscilloscope, cannot fully em- 
brace every possible use or every possible variation of 
the device. We have attempted to cover the most sig- 
nificant applications in terms of the greatest amount of 
use, World-wide technical literature has been explored 
to gather the application content of this book. About 
400 different technical publications from the world over, 
arrive cach month at the office of the publishers. These 
were reviewed carefully for information vital to the 
contents of this encyclopedia. While we know that 
many items have bcen omitted, those which were cón- 
sidered pertinent to the possible readers of this book 
were included. Maybe not in full detail, but sufficiently 
to enable recognition and correlation. 

Equal weight has not been accorded every subject 
covered in this volume, It could not be done inasmuch 
as the purposes of the book demand more extensive 
coverage of some subjects than of others. It is possible 
that some readers who may have a special interest in 
some subject may find that it has limited coverage. Let 
us hope that the bibliography contained in this book 
will furnish them with additional sources of related 
information, 

We realize, for example, that the study of power sup- 
plies deserves more space than was allotted to it, al- 
though what has been given conforms with the general 
purpose of this text. The same may be said about the 
testing of transmitters ; the analysis of amplitude mod- 
ulation is relatively complete for a variety of trans- 
mitters although all are of the high-level modulation 
variety, except the f-m systems, The latter are the sub- 
ject of study at the present time and while the oscillo- 
grams presented in the book are not too complete, we 
feel that they are the first to be shown in any text of 
this kind, More will appear later when the book is 
revised. These oscillograms will serve, at least, as a 
starting point in this kind of work. It is hoped that the 
details concerning transmitter testing which were se- 
lected from other publications will satisfy the needs on 
special systems which are not fully covered by our own 
experimental investigations. 

In connection with the above it might be well to re- 
mark that the fundamental facts contained herein have 
been written int such a manner as to make the cathode- 
ray oscilloscope understandable to all those who have 
occasion to use it at present, those who may have occa- 
sion to take advantage of its numerous salient features, 
and to those who may wonder about its potentialities 
in activities which have, heretofore, not made use of 
this extremely versatile electronic device. 








As one glances through the contents of this encyclo- 
pedia, the attempt to develop the basis of operation will 
be seen readily. The only assumption made in this book 
is that the reader has a general background in elec- 
tricity and magnetism and is in possession of the rudi- 
ments of vacuum-tube theory and operation, Such men 
are students in schools where radio and television are 
taught, the different schools which serve the communi- 
cation needs of the Armed Forces and those individuals 
who have not had extensive electronic background, but 
are, nevertheless, interested in the theories underlying 
the operation of the oscilloscopes they are working 
with, 

Understandably, the greatest emphasis has been 
given to electronic uses throughout the book and this 
‘material occupies about one-third of the book, The first. 
two-thirds are devoted to those details which will en- 
able any individual who has a cathode-ray oscilloscope 
to understand the device thoroughly so that if the suc- 
cess of his duties determines his dollar income, he is 
enabled to operate more rapidly and effectively with 
the minimum expenditure of time and effort, thus in- 

ing his income. If, on the other hand, the reader 
book is contemplating the acquisition of a cath- 
ode-ray oscilloscope, the contents of this encyclopedia 
not only will make him familiar with all the details of 
the device, but, in addition, will enable him to select the 
one which most completely suits his financial capa- 
bilities and also his technical needs. 

Then there is the student of electronics in whatever 
kind of school he may attend. This book is intended to 
be of material help to him by not only giving him the 
principles underlying operation but also fitting him for 
whatever device he may encounter when he completes 
his schooling, whether it be a civilian or a military pur- 
suit. In this connection, it is hoped that the contents of 
Chapter 10 will be of material aid, for, while described 
as the "Basic Oscilloscope,” it is a cross section of all 
kinds of oscilloscope devices, from the simplest to the 
most complex which is generally encountered in con- 
nection with electronic equipment operations, whether 
it be radio, television, or public-address equipment 
maintenance, radio transmitters, radar receivers, or 
those other equipments which may be modifications of 
these everyday devices as required to suit different 
purposes. 

An innovation is attempted in one chapter of this 
book. This is the complex waveforms in Chapter 20. It 
is intended to serve those men and women who may 
have occasion to analyze equipment performance utiliz- 
ing sine-wave voltage input to a system as a test signal 
and noting the output voltage waveform. Normally, 














such analysis requires the application of supplementary 
apparatus or the use of graphical analysis involving 
mathematics. In either case, it is a matter of time. An 
attempt is made here to save some of this time by show- 
ing a series of complex waves, all of which have been 
developed on a complex-wave synthesizer designed and 
built inthe John F. Rider Laboratories. Thus the com- 
position of each complex wave is given in terms of the 
relative phase of the components and the amplitude of 
the components. In all, about 1,600 such waves are 
shown and they include various combinations of a fun- 
damental and harmonics up to the seventh. Obviously, 
such presentation can be carried on almost to infinity 
in the number of components and the phase-difference 
steps. We have selected those harmonic combinations 
which are most frequently encountered and which are 
most significant. It is hoped that these oscillograms will 
be of benefit to research workers and to students of 
lectrical engineering. If this proves to be the case and 
felt by those who read these pages that such com- 
plex-wave analysis should be expanded so as to cover 
the needs of the electrical and electronic industries, 
either the volumes of the encyclopedia which are to 
come will contain an expanded group of complex 
waves, or it may appear as a separate volume of per- 
haps 25,000 to 50,000 such illustrations, if not more. It 
all depends on the responses we shall receive from the 
readers of this book, 

A complete chapter has been devoted to the sche- 
matic diagrams of a wide variety of commercial oscillo- 
scopes and related equipment. About seventy-odd 
oscilloscope devices are illustrated schematically. Some 
of them are accompanied by circuit descriptions and 
these are intended to correlate the device with some of 
the modifications of the basic oscilloscope as described 
iri Chapter 10, Naturally they also explain the circuits 
of the specific instrument. Relative to these circuits, 
only the unusual or uncommon ones are treated in this 
manner. For that matter, if the same kind of circuit 
appears in several instruments, only the first one re- 
ceives explanatory comment. 

Several more comments concerning the contents of 
this text are in order. The authorship of the different 
chapters is indicated in the Table of Contents. How- 
ever, in some instances, the contents of the chapters are 
abridgements of material taken from different scientific 
journals and proceedings. These are shown as credit 
lines under the illustrations and as footnotes relating to 
the different paragraph headings. Our sincerest thanks 
are tendered herewith to the different organizations 
who so willingly co-operated with us and extended per- 











mission to lift text and illustrations from their pub- 

It is conceivable that in a work of this kind, there 
will be some credit omissions, We tried to minimize 
these as much as possible by checking and rechecking. 
Yet we know that, in some few instances, credit lines 
were omitted. For this we are very sorry and humbly 
apologize, We hope to find each of these eventually and 
10 correct them at some future date. The reason for 
stressing this point is that we are desirous of giving 
credit wherever it is due, especially in the light of the 
fact that all illustrations, photographs, and oscillo- 
grams which do not bear credit lines are our own, 
having been made by our own art department or photo- 
graphed in the John F. Rider Laboratories. We re- 
iterate that we regret the inclusion of drawings and 
photographs among our own which rightfully should 
be credited to others. Concerning the black-on-white 
line drawings of the complex waveforms in Chapter 20, 
‘each of these is a reverse print of an actual oscillogram 
photographed directly from the screen of a cathode-ray 
oscilloscope. Few if any oscillograms were drawn; by 
far the vast majority of such illustrations throughout 
the book were actually photographed and are shown as. 
they appeared on the screen of the cathode-ray tube, 

1t may be well to comment on the fact that the pres- 
ence of credit lines under different photographs and 
illustrations of commercial oscilloscopes is not in- 
tended to create any impression that these are the pref- 
erences of the authors relative to commercial equpi- 
ment. All manufacturers were solicited in like manner 
for information concerning their products and what- 
‘ever else they had to offer. Some responded much more 
readily than others and an omission is simply evidence 
of failure tu receive responses to our communications 
and should not be construed in any adverse manner as 
reflection either on the manufacturers or on their prod- 
ucts. Then again some data arrived after the book was 
at the printer and could not be included because the 
forms which contained similar material already had 
been printed. 

While we are anxious to give all organizations equal 
recognition and thanks, we must of necessity accord 
our heartfelt gratitude to the Allen B. Du Mont Labo- 
ratories, Inc., to the RCA-Victor Manufacturing Cp., 
Inc., and to the Sylvania Electric Products Co., Inc., 
for their exceptional willingness to go out of their way 
to prepare special data for inclusion in this book. 

We wish to take this opportunity to express our 
thanks to the members of the Art Department, the 
typists, and the editors of John F. Rider Publisher, Inc. 
for their co-operation in accomplishing this book, 
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especially Henry Jacobowitz, and Norman Weinstein 
for checking technical accuracy. It turned out to be 
very much bigger than was originally contemplated 
and this meant that everyone was pushed to the limit 
in the attempt to meet a publication date. We had 
hoped to complete the work in much less time than 
actually was consumed, but the rapid growth among 
the manufacturers of cathode-ray oscilloscopes, the 
many different kinds of oscilloscopes which have 


become commercial products, and our desire to include 
the greatest number were reasons for the delay. We 
hope that those who have been waiting patiently for the 
appearance of this encyclopedia will feel that it was 
worth while waiting for. 
September 1950 
New York 
Jonn F. Rer 
Seymour D, Ustan 
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CHAPTER 1 
INTRODUCTION 


This is the story of the eathode-ray oscilloscope and 
its applications. What is a cathode-ray oscilloscope? In 
answer we might say, "It is a device which can portray 
electrical phenomena visually." This may seem to be a 
very limited definition, but it is actually extremely 
broad in its implications. 


Oscillograph. Oscilloscope, and Scope 


‘Sometimes, various names, stich as “low-fs 








‘used. Some of these names indicate special perform- 
ance characteristics, while others are merely identifica- 
tions of the uses of this extremely versatile device. The 
three most popular are oscillograph, oscilloscope, and 
the abridged version of the second name, the scope. All 
mean one and the same thing, although the name "syn- 
chroscope” has a more precise meaning. It is an oscillo- 
scope, but intended specifically for the measurement of 
pulses and transients. It is, however, included in the 
general category of the oscillograph, 

In this book, the word oscillograph will be replaced 
by oscilloscope because it is a more popular name, and 
more appropriate to the device. It has the same mean- 
ing as its abridgement “scope,” which we do not use 
only because it seems more fitting to be formal in the 
text, 





Electrical Phenomena: 

Practically speaking, electrical phenomena are volt- 
age and current, Because the two are proportional, 
whatever is said about voltage applies equally well to 
current, Such details of a voltage as instantaneous am- 
plitude, phase, frequency, waveform, composition, and 
duration, all are determinable, withincertain frequency 
limits, by means of a cathode-ray oscilloscope. The 
origin of the voltage is immaterial ; it may occur in any 
type of circuit or in connection with any component, 
L, R, or C. The circuit involved may be a part of a 
complete system or it may be a complete system in it- 
self. The suitability of a specific oscilloscope to a par- 
ticular application may be determined by comparing 
its performance specifications with the requirements of 
the problem. 


‘The cathode-ray oscilloscope may be used with equal 
facility for checking transmitters, receivers, amplifiers, 
and any apparatus embracing these elements. It can be 
used for measurement of operating potentials, for the 
adjustment of tuned circuits, or for the determination 
of the operating conditions within these systems. With- 
in its range of utility are the comparison of the behavior 
of one electrical device with that of another, the calibra- 
tion of such devices, and the study of their electrical 
characteristics under varying conditions. A voltage 
may represent an amplitude-modulated, frequency- 
modulated, television, or any other kind of signal, It 
may be noise, artificial or natural—the origin of the 
signal is unimportant. 

The uses of the oscilloscope are not restricted to elec- 
tronics as applied to communications; rather it will 
serve any electronic system. Jt is suitable for applica- 
tion to power equipment, to light and heavy electrical 
machinery, and to all industrial electronics systems as 
well. 

Assuming the existence of a suitable transducer, that 
is, a device which will convert a mechanical or any 
other nonelectrical phenomenon into an equivalent 
electrical voltage, the cathode-ray oscilloscope will 
serve admirably for the investigation of all physical 
quantities. Distance, light, temperature, pressure, 
sound, magnetic effects—all these and many others are 
phenomena which can be observed, studied, and meas- 
ured by means of cathode-ray-oscilloscope equipment. 
Thus the device has universal application in science, 
industry, medicine, and education, It can serve all these 
masters and serve them well. 

So much for definition and applicability. The stage 
has been set and we can procede with the rest of the 
story. 


Early Types of Cathode-Ray Tubes 


During the years 1921-1924 several publications*4 
announced a new type of tube. It was a hot-cathode, 
low-voltage cathode-ray tube, and it was a part of a 
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Elec. Commun., vol. 3, pp. 69-75, July, 1924, 
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system which could conveniently visually portray 
sound patterns and many varieties of electrical and 
magnetic phenomena. As might be expected, it origi- 
nated with that engineering organization which was so 
greatly interested in the transmission of sound, the Bell 
Telephone Laboratories, the development branch of 
the American Telephone and Telegraph Company. 
By that time radio communication was a reality. 
Commercial broadcasting was several years old, the 
radio amateurs had explored the possibilities of the 
short-wave region of the electromagnetic spectrum, 


and the vacuum tube had been in use for almost two 


decades, The range of frequencies used for communi- 
cation purposes had expanded greatly. The numerous 
problems associated with the equipment utilized also 
had multiplied. Research was accelerating in all direc- 
tions, and any new tools which might aid in this activity 
were welcomed by the industry as a whole. 

Instruments for the examination of electrical and 
‘magnetic phenomena had been known for quite some 
time. The electromechanical oscilloscope, better known 
as the “string” oscilloscope because of its construction, 
had been conceived as early as 1891, With a modifica- 
tion by Duddell in 1893, this oscilloscope set the pat- 
tern for most of these devices in the future. The basic 
unit consisted of a pair of parallel wires suspended in 
a strong uniform magnetic field. A tiny mirror was 
cemented to these wires at their midpoint in the field. 
‘The current to be observed was sent through these 
wires, traveling in one direction through one, and in 
the opposite direction through the other. The fields due 
to the current interacted with the steady field and 
caused a vibratory motion of the mirror corresponding 
to the instantaneous changes in the magnitude and 
direction of the current. A light source projected a 
beam of light onto the vibrating mirror and the re- 
flected beam, in turn, was projected onto a moving 
strip of photographic film. The direction of motion of 
the film was parallel to the axis of vibration of the mir- 
rr, and by moving the film at a constant rate, the time 
base was formed. After development, the film was a 
permanent record of the instantaneous variations of 
the current with time, similar to modern photographs 
of current and voltage waveforms. 

Obviously such a system had numerous limitations, 
foremost of which was the restricted frequency range 
due to the inertia of the vibrating system. The natural 
frequency of the vibrating system was made as high 
as possible, but even then the useful upper-frequency 


Duddell, W. D. B., “Oscillographs;" Electrician, vol. 
636, 1897. i т 








limit was very low in comparison with the range of 
frequencies which required investigation. Another de- 
ficiency was the user's inability to view the action in- 
stantaneously. Passing years witnessed numerous im- 
provements, The frequency range was increased, 
though it never exceeded the upper limit of the audio 
range. Instantaneous visual observation was accom- 
plished by means of a system wherein the vibrating 
mechanism was linked with a pen recorder which 
traced the pattern of vibration onto a strip of paper 
which passed the pen at a constant rate. Such devices 
are in use today, and, understandably, the frequency 
range is even more restricted because of the increased 
mass of the recording assembly. 

Another means for accomplishing visual observa- 
tion of the action in the early days of the electro- 
mechanical oscilloscope was an elaborate optical sys- 
tem, The vibrating oscilloscope mirror reflected the 
light beam onto a second mirror, which either rotated 
at a constant speed or vibrated at a constant rate, its 
axis at right angles to that of the oscilloscope mirror. 
‘The second mirror was the time-base mirror and the 
light beam reflected onto a screen traced a pattern 
which represented both amplitude and time—since the 
beam of light was displaced vertically and horizontally 
simultaneously. 

Such mechanical oscilloscopes frequently contained 
аз many as four, five, or even six elements so that sev- 
ral electrical quantities could be observed at the same 
time. These elements could be connected in series with 
circuits for current observations and across circuit ele- 
ments for voltage observations. Strangely enough, 
fairly high orders of sensitivity were available, and as 
‘cumbersome as this description makes the device ap- 
pear, numerous portable units were devised as time 
passed, and modern versions are available today. 

As we stated earlier, the range of frequencies to 
which these units were applicable was limited. Phe- 
nomena of high frequency or very short duration were 
beyond their capabilities entirely. When the cathode- 
ray tube was introduced by Johnson, he assigned to it 
the name "Braun tube" in honor of the individual who 
invented the basic principle of its operation in 1897, It 
was presented as a part of a cathode-ray-oscilloscope 
device which was capable of response at frequencies up. 
to several hundred thousand cycles, and it aroused tre- 
mendous interest in the engineering fraternity. 

‘The world was not without a cathode-ray oscillo- 
scope prior to 1921. The word “oscillograph” had been 
in the English language for a comparatively long time; 
it was defined as "an apparatus for recording or indi- 
eating alternating-current waveforms or other electri- 
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cal oscillations."* When the term was conceived, it 
applied to the "string" oscilloscope because this was 
theonly such device extant. 

The cathode-ray-tube device was of an entirely dif- 
ferent character. It was a high-voltage tube operated 
at potentials as high as 50,000 volts, voltage sufficient 
to forcibly pull electrons out of a “cold cathode.” These 
electrons were accelerated toward the other end of the 
tube, and in order to get there, they had to pass through 
a tiny aperture at the center of a shield or baffle. Those 
electrons which penetrated this tiny opening formed a 
relatively narrow beam, and struck a specially pre- 
pared screen which was located inside of the tube at 
the far end. The point of impact of the electron beam 
on the screen was indicated by fluorescence of the 
screen during the period of excitation. An elementary 
idea of the construction of this tube can be had from 
Fig. 1-1. The electron beam was found to respond to 
electric and magnetic fields and its behavior, while 
under such influences, could be noted by observation 
of the fluorescent screen. In comparison with the mod- 
ern tube, the original Braun tube was very primitive, 
but no one can deny that a close parallel in fundamental 
behavior between this and the modern tube exists, as 





‘we shall soon see. 





The primitive system was subject to numerous 
modifications through which greater control of the 
electron beam was achieved, and, in time, the device 
‘enjoyed use in many industries, especially the power 
field. It was m in such a way as to enable re- 
cording by placing a photographic film within the 
chamber so that it became the target for the electron 
beam. Under these circumstances, removal of air was 
necessary each time that a new photographic plate was 
inserted. As a device which utilized a cold cathode, 
very high accelerating voltages were involved in its 
operation. Analogous to it, although very much differ- 
ent in purpose and design, is the present electron 
microscope. Neither of these devices comes within the 
province of this text, and we mention them merely to 
illustrate the versatility of the cathode-ray tube. 


“Webster's New International of the English 
а Flies Spin 





‘The HotCathode Cathode-Ray Tube 


A chain of developments led to the Johnson tube 
(Western Electric 224A) which appeared in the early 
19205. When announced, it offered a convenient 
source of electrons which could be formed into a beam 
and accelerated toward the viewing screen at very low 
voltages. The virtually inertialess electron beam, which 
was not entirely composed of electrons in that model, 
was the vibrating mechanism, and it was capable of 
responding to relatively high frequencies. Because of 
the gas content of the tube, the frequency range was 
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Courtery Western Blectric 
Fig. 1-2—Pantographic view of Western Electric 224, show- 
ing external connections. 
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limited to several hundred thousand cycles, and while 
this is very low by modern standards, it nevertheless. 
was revolutionary for its time. 

‘The tube was compact and simple to use, as were the 
systems devised for its application as an oscilloscope. 
It permitted instantaneous viewing of the action on a 
‘screen made of special materials painted onto the inner 
‘surface of the tube at the widest end of the pear-shaped 
glass envelope. This replaced the elaborate optical sys- 
tem necessary with the mechanical oscilloscope. If pho- 
tography were necessary for permanent recording, it 
could be done by using an ordinary camera, by simply 
focusing onto the screen of the tube from the front. 
Naturally the film speeds and film sensitivities of today 
were not available then, so that when we remark that 
photography was simple, we mean relative to the proc- 
esses involved in the other types of oscilloscopes. To- 
day photography is no problem at all. 

‘The electron beam in the 224A was placed under the 
influence of either one or two electrostatic fields by 
means of two pairs of deflection plates contained with- 
in the envelope. These were vo positioned as to allow 
the electron beam to pass through the center of the 
space between the two plates of each pair, whileadvanc- 

y to the screen, The two sets of plates were oriented 
at right angles to cach other so as to apply deflection. 
forces at right angles to each other. Vertical deflection 
corresponded to the amplitude and the horizontal de- 
flection corresponded to time, the latter requiring a 
voltage which deflected the spot horizontally at a con- 
stant rate. 

The beam could be deflected electromagnetically by 
means of two pairs of coils, slipped over the narrow 
part of the envelope and located at the proper point 
along the electron trajectory. This placed the electron 














Fig. 1-3.—The Western Electric 224A. cathode-ray tube 
shown with deflection coils. 


beam within the fields of the coils. A pantographic view 
of this tube is shown in Fig. 1-2. The electrostatic- 
deflection plates are visible in this illustration, and the 
relative location of the electromagnetic-defection coils. 
is shown in Fig. 1-3. Technically, the latter illustration 
has very little significance; it revives nostalgic mem- 
cries of the cathode-ray oscilloscope the writer con- 
structed in 1927. 





A New Approach in Oscilloscopes 


All in all, the hot-cathode, low-voltage cathode-ray- 
oscilloscope tube was a significant development. It was 
а new concept in oscilloscopes—the birth of a device 
which would be compact, and susceptible to myriad 
uses by the individual probing the depths of electrical 
amd magnetic phenomena and circuits, The level of 
‘operating potentials which this device used opened new 
vistas of use, for it was a device which could be used 
where the actions under observation were at low levels. 
No longer was the cathode-ray oscilloscope restricted 
to certain specific industries where the phenomena to 
be observed involved very high potentials, 

Admittedly, the low-voltage cathode-ray oscillo- 
scope remained an awe-inspiring device for many years 
after its initial announcement. It saw only limited use 
in radio laboratories, It was not until the early 1930's 
that complete low-voltage cathode-ray oscilloscopes 
appeared commercially." They differed from the origi- 
nal Johnson version in that the tubes used were of the 
high-vacuum type, which immediately widened the 
span of the frequency spectrum over which they could. 
operate. 

‘The original uses envisioned for the first hot-cathode 
cathode-ray-tube oscilloscope have been multiplied 
many times over, not only in the electronic industry, 
but also in many nonelectrical activities. In fact the 
electronic applications of even the modern cathode-ray 
oscilloscope are but a segment of the circle of its pos- 
sible uses, as we shall soon see. 

The Western Electric 224A is the direct antecedent 
of the modern tube. In appearance it greatly resembles 
the tubes we use today, as shown in Fig. 1-4. Its pear 
shape is duplicated in many different models of the 
present tube (A), thus showing that those responsible 
for the original conception of the tube had chosen 
wisely. The bottle shape (B) is another modern tube; 
its modified shape was necessitated by the incorpora- 
tion of certain new features into the design of the tube. 


Rider, John F. “The cathode ray oscillograph tube,” Radio 
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Fig 1-4—(A) Modern pear-shaped tube and (B) modifed 
bottle-shaped tube. m" "t 9 
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We will see later that while, in general, the shape of 
modern tubes might be said to conform to these two 
distinct types, variations will be noted, but these arise 
from physical necessities introduced by the equipment 
utilizing them. 

While we are comparing the old with the new, it is 
very interesting to note that the principle of operation 
has not changed very much. The physical design of the 
electrodes within the glass envelope has been modified, 
the consequences of research ; but as to the fundamental 
internal organization, there is great similarity between 
the old and the modern versions, as shown in Fig 1-5. 
This is an example of the electrostatically deflected 
tube. The electromagnetic type is shown later. 





A Research Tool 


If we are to seck a reason why the cathode-ray tube 
has for so long been considered the tool of the research 
worker, we might go back to its recommended uses at 
the time of its debut. Its immediate utility in connec- 
tion with the telephone industry and all electronic 
equipment was evident. The association was direct, and 
the cathode-ray tube soon became the key to the 
hitherto inaccessible recesses of electronic circuits. It 
showed what was happening and, in so doing, opened 
new paths of research to the scientist. The oscilloscope 
resulted in new systems and devices which, in turn, 
increased its own potentialities and gave man the 
knowledge necessary to invent many more new devices. 
Tt laid its own road to its own success. 








Courtesy Du Mont Labs 
Fig 1-5 —Internal view of electrostatic Du Mont type SCP1. 


Asa research tool, the value of the cathode-ray tube 
has increased manifold But it lost its identity 
strictly the tool of the engineer. As a part of the oscillo- 
scope, it has become a byword in electronic mainte- 
nance equipment of all sorts, in science, education, in 
all technology. It is a must for every television service 
shop. 

The cathode-ray tube has become known to the pub- 
lic as the “picture tube” in a television receiver. Men 
from all walks of life who participated in the radar 
activities of the different branches of the Armed Forces. 
are familiar with it. Now that peacetime applications 
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of the “echo” principle of detection of unseen objects 
is fast becoming widespread, personnel on the high seas 
are acquainted with it. The student studying elec- 
tronics uses it daily. Truly it is a wonderful device 
which serves science, industry, and numerous other 
fields of activity as a means of disclosing action which 
formerly could only be guessed at. 





What Is the CathodeRay Tube? 

What is this marvelous device which is capable of 
serving so many masters? On the surface, it may ap- 
pear as a complicated device. In reality, it is not so— 
anyone with an elementary knowledge of electricity 
and magnetism can readily comprehend its action, In 
‘essence it is a vacuum tube—a special type of tube in 
which a very narrow beam of electrons behaves like an 
electronic " pencil" and "draws" a visible trace or pat- 
tern on a specially prepared screen. 

Compared to the ordinary variety of receiving or 
transmitting type of vacuum tube, the cathode-ray tube 
is singular in many respects, but you will also note, as 
its theory of operation unfolds, that there are many 
parallels between its principle of operation and that of 
the general purpose vacuum tube. We make this state- 
ment in an effort to ward off any misconception that 
its understanding involves new theories and principles. 
which are accessible only to the man with an engineer- 
ing background. Such is not the case, even though the 
concepts of electron optics are relatively new ones to 
the individual whose work in electronics has been re- 
stricted to the ordinary vacuum tube, 

Referring again to Fig. 1-5, the source of electrons 
is a hot cathode located at the base end of the tube 
ide of the envelope. An assembly of electrodes forms 
the narrow electron beam and accelerates the electrons 
toward the screen which is located furthest from the 
cathode, at the widest portion of the tube. The screen 
is a coating of luminescent material on the inside sur- 
face of the large, relatively flat end. 

When the high-velocity electron beam strikes the 
screen material, it causes the atoms located at the point 
of the beam impact to luminesce. The result is a lu- 
minous dot about 0.005 to 0.05 inch in diameter, the 
diameter of the beam when it strikes the screen. Wher- 
ever the screen is struck by the beam, a tiny dot of light 
appears. If this little dot of light is made to move 
rapidly enough across the screen, a luminous line will 
appear. This leads to the statement that whatever trace 
or pattern or picture appears upon the face of a cath- 
ode-ray tube, it is made by a single dot which moves 
across the surface of the screen. 














Deflecting the Electron Beam 


To make proper use of the cathode-ray tube, the 
electron beam must be made to move across the surface 
of the screen. This is called deflection. As stated 
earlier, this displacement of the beam can be accom- 
plished by either electrostatic or electromagnetic 
means, by placing the beam under the influence of the 
appropriate field. This is the purpose of the deflection 
plates in the clectrostatically deflected tube and the de- 
fection coils in the electromagnetically deflected tube. 
In both instances, the deflection system is located at 
appropriate points along the path of the beam. Figs. 
1-6A and B illustrate deflection in the electrostatic 
tube. 





Fig. 1-6— Defiection in the electrostatic tbe (A) illustrates 
vertical defiction by plates V, and V^, and (B) illustrates hori- 
zontal deflection by plates H, and Hy. 


The dotted lines in Fig. 1-6A represent three paths 
of the electron beam. Without any deflection voltage 
applied across the vertical-deflection plates, the point 
0 results. With deflection voltage of such polarity as 
to move the beam toward the upper limit of the tube 
screen, we get point 1. Then, deflecting the beam to- 
ward the lower limit of the tube screen, we get point 2. 
deflection plates are indicated in Fig. 1-6B. These 
plates are vertically oriented, and the three points of 
impact of the beam are: 0 for no deflection, 1 for de- 
flection toward the right, and 2 for deflection toward 
the left. The dotted rectangles within the tube envelope 
in Fig. 1-6B are the vertical-defection plates. 

Electrostatic deflection is the result of either the 
force of attraction between unlike charges, here the 
negative charges in the electron beam and the positively 
charged deflection plate, or the force of repulsion be- 
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tween like charges, between the negative charges in 
the electron beam and the negatively charged deflection. 
plate. When the deflection voltage is applied to the de- 
flection plates, one becomes positively charged, nat- 
urally, and the other assumes a corresponding negative 
charge. 

Electromagnetic deflection is the result of the inter- 
action of, magnetic fields—the field which surrounds 
the moving electrons which comprise the beam and the 
field developed by the deflection current in the coils. 











beam 
various steady-state de- 
fection conditions. 





A representation of the two perpendicular directions 
of deflection in given in Fig. 1-7. The heavy dot at the 
center is the location of the undeflected beam. Under 
ideal conditions, itis located at the geometric center of. 
the tube, Since the two deflection forces may be ap- 
plied simultaneously, the electron beam may be made 
to strike the screen at any point on its surface, the exact, 
location being determined by the relative intensities 
and directions of the individual deflection fields. A few 
positions of the beamsunder various steady-state de- 
fection conditions are indicated by the small circles 
between the crossed arrows. 

Under any one set of operating conditions, a linear 
relationship exists between the strength of the deflec- 
tion force and the magnitude of deflection. Since the 
strength of the electrostatic field is proportional to the 
deflection voltage which causes it, and the strength of 
the electromagnetic field is proportional to the current 
which causes it, the movement of the dot on the screen 
is directly related to the instantaneous changes in the 
deflection voltage or current, whichever is responsible 
for the deflection field, 
= Ап explanation of the reason for the two deflection 
forces acting on the electron beam at right angles to 
each other might be in order here. All action takes 
place in time. In order to show properly the manner in 
which an electrical quantity varies, it must be shown 
in relation to time. A 60-cps voltage completes a cycle 
of amplitude variation once every % of a second. To 











portray a current or voltage waveform or any other 
‘quantity, varying or otherwise, the passage of time 
must be indicated on one axis of the figure. 

By arranging a deflection which moves the beam at 
a constant rate in a horizontal direction, and by per- 
mitting the veriical deflection to correspond to the 
instantaneous variations in the amplitude of the wave- 
form being investigated, the resultant motion of the 
beam will trace out a pattern which indicates instan- 
taneous amplitude relative to time, as shown in Fig. 
18. 


we 





The above explanation should not be construed to 
set rigid boundaries around the use of the horizontal- 
deflection system. Numerous applications are possible 
in which the horizontal deflection does not indicate 
time. The one we have given is fundamental to the 
display of waveforms in time, however, and should be 
accepted as such. Other applications which might use 
the horizontal deflection in a different way will appear 
in subsequent pages of this book. 





‘The Path of the Electron Beam. 


The result of an abridged description of the deflec- 
tion system might lead one to belicve that changing the 
path of the electron beam by means of deflection fields 
will interfere with the beam's advance to the screen, 
This result is possible, but only when the deflection 
field intensities are excessive. Under normal conditions. 
‘of operation, the deflection fields simply change the 
path of the beam and do not interfere with its advance 
to the screen surface. 

Concerning the movement of the beam across the 
screen, it can be made to follow any desired path. It 
‘can sweep across the screen once in a prescribed period 
of time, it can do this at preset intervals, or it can be 
made to retrace its path as frequently, and for as long, 
as the operator may desire. It can do this slowly or 
very rapidly, although the appearance of the dot of 
light on the screen when the beam moves very slowly 
or rapidly calls for certain specific characteristics of 
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the tube, especially the material used for the screen. 
We need not dwell upon this feature at this time, since 
it is treated in Chapter 7. 


Frequency Response oí the Electron Beam. 


By frequency response, in this case, we mean the 
ability of the beam to follow changes in the intensity 
of the deflection fields. All things being equal, the beam 
can respond to frequencies far beyond obtainable de- 
flection frequencies. In order to utilize this response, 
it is necessary that special designs be employed inside 
the tube. Success has been achieved in this direction 
but, at the time of this writing, only to about 10,000 
Mc. No doubt, in time, this range will be extended. 

We may explain these frequency limitations briefly. 
‘The higher the frequency of the deflection field, the 
faster is the movement of the electron beam across the 
tube screen. This reduces the period of excitation of 
the atoms of the screen material, and consequently, the 
resultant. it “intensity on the screen. As the fre- 
quency is increased, the light intensity decreases, until 
the trace becomes useless, or invisible. To counteract 
this effect, greater accelerating potentials must be used. 
‘This increases the velocity of the beam, exciting the 
screen more strongly, and yielding greater light in- 
tensity. Greater accelerating potentials require, in 
turn, greater deflection voltages, as we shall see later, 
in order to deflect properly the faster-moving electrons. 

Another factor is the finite velocity of the electrons 
which comprise the beam, These must pass through 
the deflection fields. If the polarity of these fields 
changes too rapidly compared with the time required 
for the electrons to traverse the field and be acted upon 
by it, the net deflection will be reduced or distorted, or 
no deflection may take place at all. This is a limitation 
discussed in Chapter 6. 








Varied Density of the Beam and Spot Intensity 


Before enumerating the many things the cathode- 
ray tube can do, it is imperative to mention another 
fundamental form of control of the beam. Since the 
electron beam is formed within the tube, means exist 
for the control of its density. Assuming any arbitrary 
velocity given to the beam electrons, the electron den- 
sity may be controlled over a wide range so that, if 
desired, the dot of light visible on the face of the tube 
may be changed from normal brightness to invisibility. 
This is a very important control, for it is the means 
used to produce the picture seen on the television re- 
ceiver screen. The deflection in the television picture 
tube is simply dot-positioning action, and the picture 
is the result of varying the light intensity from white 


to black at the different points on the screen. These 
light and dark points correspond to points in the scene 
being televised. 

The above is not the only use for such intensity 
modulation of the beam; there are many others which 
‘are associated with other applications. 


CLASSIFICATION OF CATHODE-RAY-TUBE USES 

As a matter of general interest, it is possible to 

ify the uses of the cathode-ray tube into three 

major groups. These are: 

1, Cathode-ray tubes used as display devices in 
receiving systems. 

2. Cathode-ray tubes used as generators. 

3. Cathode-ray tubes used in measuring equipment. 





The Cathode-Ray Tube in Receivers 


An appreciation of the first use is easy. Three and 
one-half million television receivers employ the cath- 
ode-ray tube either as the viewing screen on which the 
picture appears, or as the source of the picture which 
is enlarged for projection onto a separate Viewing 
screen. 

Another example is the radar receiver, A pulse is 
sent out into space from a transmitter. One or more 
target objects reflect some of this electromagnetic 
energy, and the reflections are picked up by a receiver 
adjacent to the transmitter. The reflected signal ap- 
pears on the calibrated screen of a cathode-ray tube, 
and specific information concerning the location of the 
reflecting target, relative to the receiver, is determined 
from the trace on the cathode-ray-tube screen. 

A type of radar equipment which is enjoying ex- 
panding peacetime application is the device which de- 
velops a map of the land or sea area being scanned by 
the equipment. In this system, a short-duration pulse 
is repeatedly transmitted from an antenna which is 
located above the area being examined. The antenna 
rotates azimuthally several times per minute, scanning 
the given area by small sectors. A reflected signal re- 
turns from each small sector, and, after the usual 
handling by the receiving equipment, appears as a 
spot, or a series of spots, of light on the screen of the 
cathode-ray tube. The net result is a map of the area 
scanned. A display device of this kind used for Armed 
Forces or civilian pursuits is called a PPI, or Plan 

Examples of the screen patterns described above are 
shown in Figs. 1-9 A, B, C, and D. The first (A) isa 
picture from a home television receiver. The second 
(B) is an example of what was seen by thousands of 
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ground-force radar operators during World War II 
who manned antiaircraft artillery radar equipment 
which showed the distance (range) of unseen enemy 
planes flying through the sky. The echoes from the tar- 
gets appear as pips on the range sweep, at varying dis- 
tances from the main transmitter pip. 

The third (C) is a map of the Boston-Cape Cod 
peninsula as seen on the PPI tube screen of a radar- 
equipped plane. For purposes of comparison, a map 
of the same area as prepared by the United States Geo- 
deti Service is given also." The last illustration (D) 
is a map of the Hudson River (l%-mile range) as 

seen on the PPI screen of a commercial radar receiver 

on a steamer in the Hudson River opposite Canal 

Street, New York, N. Y. The New Jersey shoreline 

is on the left, and the shoreline of Manhattan Island is 

on the right. The dark strip indicates the river and the 

White spots in it are water craft of various kinds. 

Another important receiver use of the cathode-ray 

tube is in the panoramic receiver, also known as a 

Panalyzer, or Panadaptor, which has been used by 

amateurs for many years. During the war, it proved 

to be a very valuable piece of communications equip- 
+ ment. The panoramic receiver will be dealt with in 
greater detail in a later chapter. 











The Cathode-Ray Tube as a Generator 


The second category of uses mentioned above is not 
as clearly defined as the first. The equipment as a rule 
is still experimental in nature, Tubes other than those 
using luminescent screens, although properly classified 
as cathode-ray devices, are used as generators of elec- 
trical energy of various kinds, and have become com- 
mercial realities, as, for example, the Phasitron.* 

These devices utilize the electron beam for purposes. 
other than to make a screen fluoresce. The beam may 
be rotated by suitable means and in that way be made 
to complete alternately electrical circuits with a series 
of stationary metallic segments, which, in turn, may 
control other circuits. The beam now acts as an elec- 
tronic commutator. Because it is almost inertialess, the 
frequency of commutation can far exceed that of any 
conceivable mechanical device. 

In another use, the beam may excite a resonant cav- 
ity, thus producing extremely high frequency oscilla- 
tions, in a manner not unlike the magnetron. There 
are applications indicated by patent disclosures listed 
in the bibliography, but in view of the basic purpose of 

ites, Joha Р. вай and Rowe, G. C. B, “Radar, What It Is," 
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this book, descriptions of these patents will not be 
made here. 


The Cathode-Ray Tube in Measuring 
and Testing Equipment 


This is the third and most important group of uses, 
and it is of primary interest to us since its use in the 
cathode-ray oscilloscope is included. In this capacity, 
it performs two major roles. The foremost is its func- 
tion as the display element. Information made avail 
able by the unit appears on the screen of the tube. The 
interpretation of this information involves the proper 
correlation of the trace with the settings of the auxil- 
liary apparatus, which, together with the tube, com- 
prises the oscilloscope. 

Sometimes the complete device is housed in one 
metal cabinet. At other times, accessory apparatus is 
used with it, and the complete system then consists of 
several individual units. Even then, the cathode-ray 
oscilloscope is a complete individual assembly. 

The second major role of the tube is related to its. 
practical purpose. Its purpose is to portray one voltage 
asa function of another. In general, where the cathode- 
ray tube is used for instrumentation purposes, electro- 
static-deflection methods will be used. This is so be- 
cause only electrostatic-deflection methods are suffi 
ciently versatile to perform the variety of functions, 
and reproduce the great variety of waveforms the os- 
cilloscope is called upon to reproduce. Electromagnetic 
defection is usually used where the conditions of oper- 
ation are fixed, as, for example, in television receivers 
and radar receivers. 


















Fig. 1-10— Patterns 
indicating different 

‘of waveforms ob- 
talnable with a cathode- 
ray oscilloscope, 





Examples of patterns representative of the diversi- 
fied applications of the cathode-ray oscilloscope appear 
in Fig. 1-10. All of these picture electrical phenomena. 
This need not be so, as will be shown later in this 
chapter, but for the moment, we shall deal with fun- 
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damental electrical measurements rather than non- 
electrical applications. This raises a very interesting 
aspect of cathode-ray oscillography, namely, the rela- 
tionship between the capabilities of the tube and the 
capabilities of the oscilloscope as a whole. 


The Cathode-Ray Tube and the Oscilloscope 


At the time Johnson introduced his low-voltage 
cathode-ray tube, the cathode-ray oscilloscope con- 
sisted of the tube, its operating voltage sources, and the 
time-base oscillator. Physically, all the parts were 
breadboard mounted and the tube was completely ac- 
cessible, As for use, it was recommended for the ex- 
amination of electrical and magnetic phenomena. 

It could do this. The electrostatic field was developed 
between the surfaces of the deflection plates, and if an 
electromagnetic feld was to be applied for the exami- 
nation of electromagnetic phenomena, it was a simple 
eration, since the tube was out in the open. The 
deflection coils were located at the appropriate points 
along the neck oí the tube, It all was very easy. Such 
things as amplifiers, used ahead of the deflection sys- 
tem, were yet to come. In fact, the writer detailed the 
cathode-ray tube, or rather the oscilloscope as de- 
scribed above, which in essence was merely the cath- 
ode-ray tube, as a laboratory in itself 9 

Under the circumstances, it is not surprising that, 
beginning with its introduction and for many years 
thereafter, the cathode-ray oscilloscope has consist- 
ently been considered as a device suitable for the dis- 
play of both electrical and magnetic phenomena. How- 
ever, what was physically true about the first version 
of this device no longer is true. Modern construction. 
forces a choice between these two faculties. The mod- 
ern oscilloscope does not afford access to the tube for 
electromagnetic deflection. 

Not only is the electron beam made inaccessible for 
magnetic deflection, but all stray magnetic fields are 
excluded ; every precaution is taken to shield the elec- 
tron beam from magnetic influences. This is standard 
practice in virtually every cathode-ray-tube oscillo- 
scope, even if the measurement is of electromagnetic 
effects! 

As a case in point, and as an example of standard 
practice, Fig. 1-11B shows the internal construction of 
the general purpose cathode-ray oscilloscope shown in 
Fig. 1-11A. Note especially the conically shaped struc- 
ture which apparently surrounds the cathode-ray tube. 
It is a magnetic shield, usually made of mu-metal, a 
material of extremely high permeability, offering the 


20See footnote б. 
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Fig 1-11--(A) General purpose cathode-ray oscilloscope 
RCA type WO-60C, (B) side view of internal construction. 


best path for magnetic lines of force, and keeping them 
from affecting the electron beam inside the tube! An- 
other example is illustrated in Fig. 1-12. This device, 
a B-H tracer, is a cathode-ray oscilloscope which is 
specially designed for the display of the hysteresis 
curves of ferrous materials, The electron beam within 
the cathode-ray tube is not deflected by an electro- 
magnetic field; the tube is of the electrostatic-deflec- 
tion variety. The magnetic properties of the substance 
being tested are converted into suitable voltages and 
applied to the clectrostatic-deflection plates. The cir- 
cuits involved are explained and illustrated in the 
chapter devoted to electrical measurements. 

The foregoing should not be taken to mean that 
magnetically deflected cathode-ray oscilloscopes do 
not exist. They are in use, but are not available com- 
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Couriers Brash Development Co, 
H curve tracer used for display of hysteresis 
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mercially. It is, therefore, possible to say that, at this 
time, the investigation of all phenomena by means of 
the cathode-ray oscilloscope requires conversion of the 
phenomena into appropriate deflection voltages. 


A Continuous Screen Magnetically 
Detlected Oscilloscope 


It might be of interest to describe briefly a magneti- 
cally deflected oscilloscope which might conceivably 
seta pattern for the future. At the moment, it is a labo- 
ratory device and represents an effort to provide con- 
tinuous display for the study of speech. The limits of 
the screen in the ordinary oscilloscope require that the 
electron beam return to its starting point after an ex- 
cursion across the screen. This is circumvented in this 
new device by making the tube as a whole rotate so that 
the screen offers a never-ending recording surface. 

‘The screen is located on the side of the tube in the 
form of a wide ring, To quote Johnson,!! "the electron 
‘beam is directed initially upward along the axis of the 
tube in the conventional manner ; then itis bent at right 
angles so that it will strike the screen surface. This is 
accomplished in the bulbous part of the tube by a steady 
magnetic field normal to the plane containing the tube 
axis. Superimposed on the bending of the beam is a 


HJohnson, J. B., "A movable screen cathode-ray tube,” Bell 
Lob ec 26, p 219 May, 98 








variable magnetic deflection governed by a yoke which 
surrounds the tube at the top of the long neck. By 
means of this coil the beam is swept up and down 
across the screen with a linear repetition of about 100 
cps. Since the screen is made of the high persistence 
type of phosphor, a pattern made on it will remain in 
evidence for several seconds after excitation, which 
occurs at a point just to the right of the viewing wi 
dow. The screen persistence is such that the record of 
the signal appears over about one-sixth of the screen 
circumference. After a full rotation the intensity of the 
pattern has decayed to such a low level that a negligible. 
trace of it remains in a new pattern." 

In summary, then, the commercial cathode-ray-tube 
oscilloscope is a voltage-responsive device; we might 
go so far as to say that its success is based upon a con- 
dition very ably stated by Berkley,}? “in nearly twenty 
years of uscillography, the Du Mont Laboratories has 
yet to find a phenomenon which is incapable of conver- 
sion into a suitable electrical signal.” 











COMMERCIAL CATHODE-RAY 
OSCILLOSCOPES 


‘The cathode-ray oscilloscopes available commer- 
cially include a wide variety of instruments. They are 
divisible into two main categories, however, and we can 
analyze them better if we treat them in groups. These 
classifications are: 

1. General purpose 

2. Special purpose. 
Each of these has numerous subdivisions, and an anal- 
ysis of the manner in which these devices are similar to 
‘each other or unlike each other requires a summary of 
the contents of each classification. 


General Purpose Oscilloscopes 


This is the group of instruments offered for general 
use in the electronic industry, for research, mainte- 
nance, and production testing, for student use in labo- 
ratories, as well as in other branches of science and 
industry where the phenomenon of interest is electrical 
in character. It is the kind of equipment which we de- 
fined at the very beginning of this chapter. Examples 
of it are shown in Fig. 1-13. These are but a few of the 
many different brand names which are available for 
purchase and are completely described by performance 
specifications in Chapter 22. 

The few examples given in Fig. 1-13 are not repre- 
sentative of the full range of capabilities of the general 
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purpose category. The general purpose category can. 
be subdivided into smaller groups, each distinctive in 
the performance specifications associated with the 
group. We shall show some of these later in connection 
with the expanded breakdown of the classification. 
Although somewhat similar in appearance, numerous 
differences are nevertheless to be found among oscillo- 
graphic instruments within a single group. At the same 
time, many points of similarity exist too. Recognition 
of these points of similarity and dissimilarity is very 
essential, because it is the basis of equipment classifi- 
cation, as well as the basis of selection of instruments 
to fill specific needs, 





Admittedly, the burden of selection rests on the ` 


shoulders of the buyer. The manufacturers of equip- 
ment are delighted to furnish whatever advice they 
can, but it is still the responsibility of the prospective 
user to understand : 

1, The requirements of the phenomenon being 
investigated. 

2. The meaning of performance specifications and 
how they fit the requirements, 

3. The meaning of the pattern which appears on 
the screen of the tube. 

With the exception of the last named, the conditions 
surrounding selection of equipment can best be ex- 
pressed by two words—caveat emptor (let the buyer 
beware), This should cause no alarm, however, be- 
cause of the manufacturer's guidance, this text, the 
very many periodicals and house-organs which afford 
information, and, above all, because the appreciation 
of performance characteristics, operating conditions, 
and pattern interpretation is not as difficult as it may 
seem. 





Differences Between General Purpose 
Oscilloscopes 

The differences one finds between these devices are 
numerous, Some are major and some are minor in im- 
portance, They are electrical as well as physical, and 
consequently determine performance, appearance, and 
‘even convenience of use. Some appeal to the esthetic 
sense, whereas others appeal to the pocketbook. Some 
are desired for a specific purpose and some are intended 
for general oscillography. All in all there are enough 
varieties to satisfy the most discriminating and the 
casual purchaser who is confronted with everyday 
needs. Let us examine some of these differences. 

Physical Differences—The most easily discernible 
differences are physical. In Fig. 1-13 are shown nine 
different oscilloscopes. As can be noted in the photo- 
graphs, some of them are identified as "oscillographs" 


and some as “oscilloscopes.” The names are used 
synonymously and mean one and the same thing. These 
are products of well-known manufacturers, but our 
comments apply just as readily to the products of 
lesser-known organizations, of which there are many. 

The illustrations do not show the relative dimen- 
sions, but it is easy to see that all the instruments are 
not of the same size. It is also evident that differences 
in shape, number of controls, probable weight, read- 
ability of panel markings, accessibility of panel con- 
trols, size of the screen, types of connectors, all are 
features which distinguish one from the other, What 
is inside the cabinet is, at this time, an unknown quan- 
tity, to be dealt with soon, but for the moment, it is 
conceivable that a wide variety of physical conditions 
at the point of use, as well as eye appeal, could result 
in different choices. 

Relative to visible features, a similarity in approach 
is to be found in the equipment. This is understandable 
when one appreciates the fact that the various phases 
of competition exert a tremendous influence, Few 
‘manufacturers are willing to make radical changes in 
the appearance of a device of technical nature after a 
general pattern has been set by years of production, 
Devices offered for similar service are made to look as 
much alike as possible; it tends to minimize confusing 
influences, yet each producer tries to retain an individ- 
uality. Withal, departures from a general pattern of 
construction and appearance are kept to a minimum. 

Occasionally, a manufacturer will come out with a 
major change in appearance or physical dimension 
because he feels that the habit of years should be 
broken. Whether these set new trends or remain dis- 
tinctly individual, only time will tell. At least there is 
a variety. One such departure from conventional shape 
has been in use for a long time, in fact, it is strange to 
us that it has been alone in its field for even so long. 

We make no pretense, at this time, of discussing the 
relative merits of these differences, although it would 
be well to mention that they are not as unimportant as 
one might imagine. Physical features can have a great 
bearing on the convenience of application. Frequently, 
the conditions of use are such that correction of a cer- 
tain form of construction may be necessary. We are 
speaking at the moment about the readability of the 
trace, and the panel or dial markings under different 
conditions of lighting. This may seem trivial, but it 
isnot. 

Weight and size are important if a unit must be 
moved from place to place. Good electrical contacts 
‘at connecting points are imperative. Proper panel 
markings for convenient use are important. These are 











Fig. 1-14—General purpose oscilloscopes utilizing multigun tubes; (A) four-channel with a photographic at 


(B) two-channel. 


practical points of difference. The evaluation of these 
is a matter of individual taste. 

While on the subject of physical differences, we 
might mention the general purpose oscilloscope which 
utilizes a inultigun tube, Two such are illustrated in 
Fig. 1-14. Fig. 1-14A is a four-channel oscilloscope 
with a photographic attachment covering the screen. 
Fig. 1-14B is a two-channel instrument, Such tubes 
contain several electron beans which may be operated 
independently of each other so as to portray two or 
more distinct phenomena at the same time. The front 
panel of such a device will bear a resemblance to the 
ordinary single-beam device, although it will appear 
more complex by virtue of the duplication of the con- 
trols, since each beam is a part of a complete oscillo- 
scope tube system. As far as the tube screen is con- 
cerned, only one is used, just as in the case of the con- 
ventional tube. The visible evidence of the kind of tube 
used lies in the duplication of controls rather than in 
any feature of the tube screen. 

Blectrical Differences — Everything inside the oscil- 
loscope contributes to its performance; if not to the 
actual capability of the device, then to the manner in 
which it fulfills its performance specifications. Such 
details as the quality of the components, the tolerances 
employed in manufacture, the general workmanship, 
and the accuracy of calibration are very important. 
Some become evident upon inspection, others only dur- 
ing use. 


Vertical Amplifier Bandwidth 
A good deal of the utility of a cathode-ray oscillo- 
scope lies in its ability to display voltages of different 
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frequencies. In fact the range of signal frequencies an 
oscilloscope will pass is one of its prominent perform- 
ance specifications, if not the most important, and has 
a great bearing upon its utility in different fields of 
research. Of the many ways of classifying oscilloscopes, 
the most effective and most descriptive is the one using 
the vertical-amplifier bandwidth. It expresses the low- 
frequency limit and the high-frequency limit of the 
pass-hand of the amplifier which feeds the signal to be 
investigated to the vertical-deflection system of the 
cathode-ray tube. The dominant role of the bandwidth 
can be appreciated by considering the simple state- 
ment: a 5-Me signal cannot be passed through an am- 
plifier which has an upper-frequency limit of 2 Mc ; or 
‘a L-cycle signal cannot be observed if the lower limit 
of the amplifier is 10 cycles. 

If an oscilloscope is designed for a top frequency of 
1 Me, it is immediately limited in application to those 
operations which do not demand higher frequencies. 
In turn if an application demands response at d-c (or 
zero) frequency, the oscilloscope must be of the d-c 
variety. If it responds down to a fraction of a cycle, it 
is not good enough, because there is a wide gulf be- 
tween d.c. and a fraction of a cycle. These references 
to frequency have broad implications. They do not 
refer only to sine waves, but have a great bearing on 
the quality of reproduction of nonsinusoidal waves, 
especially square and rectangular pulses. The broader 
the frequency range, especially on the high end, the 
mort faithful the reproduction of such waves. The 
same is true at the low end of the frequency pass-band. 
The lower the low-frequency limit, the lower is the 
fundamental frequency of nonsinusoidal waves which 
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may be displayed by the device. These details are very 
pertinent to modern oscillography, because of the in- 
creased use of nonsinusoidal waves. 

The demands of science and industry and other users. 
of the oscilloscopes are met by the manufacturers by 
varied equipment designs. Modern oscillography em- 
braces all frequencies between zero and about 10,000 
Me, but available devices have a top limit of about 
100 Mc. 

Manufacturers have refrained from extensively 
standardizing the electrical characteristics of oscillo- 
scopes, because every need is different. They differ 
widely, and the user can best be served by varied de- 
signs. This practice makes available to the user what 
he requires at the lowest price, If all oscilloscopes were 
standardized so as to encompass all possible uses, many 
users would find it difficult to acquire such instruments 
because the costs would be far in excess of what the 
need warranted. The widespread use of cathode-ray 
oscilloscopes would be diminished greatly. 

So much of the usefulness of the cathode-ray oscillo- 
scope stems from the frequency range over which it is. 
usable, that it is of interest to note the ranges offered 
by a cross section of the general purpose instruments 
on the market. These are shown graphically in Fig. 
1-15, No attempt is being made to correlate these 
ranges with the instruments in Fig. 1-13, because the 
graph includes units not shown in that group of photo- 
graphs. Although only eleven instruments are repre- 
sented in the graph, it is possible to arrive at certain 
conclusions. 

We find that some instruments have identical upper- 
frequency limits for the vertical-amplifier bandpass, 














‘but differ at the low end. In contrast, some give similar 
response at the low end, but differ at the higher, and a 
general comparison discloses that vertical-amplifier 
frequency response may vary at both the upper and 
lower limits of the bandpass. It is sound design and 
sound selling to serve a market at the lowest possible 
cost to the customer, The market is very broad in its 
needs. The users of oscilloscopes have definite ideas of 
what they want. By offering a wide variety of designs, 
each user may pick the one which he feels suits him 
the best. Some types of oscillographic investigations 
impose very rigid requirements on the equipment, 
whereas others are more liberal. One kind of work will 
be quantitative, another qualitative. Satisfaction of 
these needs is the responsibility of the varied designs. 
The instruments which will fll these needs must, of 
necessity, offer different facilities. Many problems in 
oscillography remain to be settled. All engineers do 
mot agree upon what constitutes a good reproduction 
of a square wave. Some are more exacting than others, 
It all depends upon the individual approach and the 
kind of information sought in the display. Equipment 
is made to suit whatever school the user belongs to, 
The research engineer demands one category of 
general purpose equipment, whereas the maintenance 
man, or the production-line tester, or the student in a 
laboratory requires another. All instruments may have 
certain characteristics in common as is indicated by the 
overlapping lines in Fig. 1-15, but other properties of. 
the equipment, not shown in that graph, yet related to 
the vertical-amplifier bandwidth, will distinguish one 
device and its utility from another. These differences 
are not always reflected in a 1-cps lower limit in one 


Fig. 1-15. Graph showing uabl 
frequency range ol various oscilo 
scopes. 
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device, and a 2- or 3-cps lower limit in another device; 
or in a 2-Mc top limit in one case and a 1.5-Mc top 
limit in another. Every limit is a restriction in use but, 
for all practical purposes, radical departures from the 
required performance capabilities are necessary in 
order to prohibit the use of a device in a certain activity. 

Such differences exist, as indicated by a 2-Mc upper 
limit in one case and a 5- or 10-Mc upper limit in 
another. If the work at hand demands the passing of 
frequencies up to 10 Mc, then the 2-Mc instrument is 
useless for that service. But the 2-Mc instrument is 
usable for general applications of the 10-Mc oscillo- 
scope where the immediate frequency requirements do 
not exceed 2 Mc. The same is true of instruments with. 
diferent low-frequency response limits. It is because 
of such situations that very many different oscillo- 
scopes appear under the heading of general purpose 
devices, each with different performance specifications, 

While on the subject of frequency response, it would 
be well to emphasize a very important related point. 
Tt has a great bearing on the use of the device, although 
it may not be evident in а simple reference to fre- 
quency limits. Although treated in more detail later, 
this is an appropriate moment to mention the fact that. 
like frequency limits in different oscilloscopes do not 
mean identical performance and utility. It is a matter 
of specific amplifier design for qualitative or quanti 
tive measurements, Two amplifiers rated at like band- 
pass may differ widely in sensitivity. Even with like 
sensitivity ratings, two amplifiers may be different be- 
cause the basis of rating the bandwidth may be differ- 
ent. One amplifier may be rated within 1 db and an- 
other may be rated within 3 db or even 6 db. 

For many applications, this difference in rating may 
mean little, whereas for others, it may lead to wrong 
conclusions, From all of this, one can readily see that 
all oscilloscopes are not alike, although we have men- 
tioned just a few which are associated with one par- 
ticular section of the general purpose oscilloscope cate- 
gory. It so happens that the section chosen is primary 
for all uses, and bears a close association with numer- 
ous other performance specifications. We do not pro- 
pose to discuss them all at this time, but a few brief 
remarks will do no harm to our effort to create some 
familiarity with other electrical features in which com- 
mercial instruments differ. These are indicated very 
precisely in the equipment specifications. 


Pulse Techniques 
Investigations in pulse technique constitute a very 

prominent portion of modern research, and it is not 

always in connection with television or radar. Many 

















activities utilize pulses to a great extent. The suitability 
of one oscilloscope of the general purpose variety for 
this kind of work reflects the difference between that 
device and some other in the same category. Many ob- 
servations of pulses are possible on the general pur- 
pose oscilloscope, but the more critical study of non- 
recurrent, short-duration, transient pulses is possible 
only with oscilloscopes designed for that funétion, even 
though they are included in the broad general purpose 
classification. 

This comes about as a consequence of the circuits 
and facilities required for the display of these pulse 
voltages. Although treated in detail in a subsequent 
chapter, we must mention here that each pulse has a 
definite frequency content and its proper reproduction 
оп the screen of an oscilloscope demands the passage 
of all (or nearly all) harmonic components through 
the vertical amplifier. The absence of certain frequency 
components can materially distort the shape of the re- 
produced wave, and thus lessen its value for study 
purposes. The shorter the duration of the pulse, or the 
steeper its sides, the greater must be the bandwidth of 
the amplifier which is passing the pulse voltage, Each 
oscilloscope has capabilities of this sort, but some have 
far more than others, The oscilloscope which fits the 
need is determined by the characteristics of the pulses. 
which must be viewed. 

1n order to study a quantity which varies with time, 
regardless of its shape or duration, a time base or 

l. too, is associated very 
closely with frequency, which may be expressed in 
ts of time. This “sweep” voltage must be variable 
in frequency so as to accommodate the range of fre- 
quencies which is passed by the vertical amplifier. The 
relationship between the frequency of the time base 
and the quantity being studied depends upon a number 
of conditions. The time-base system must give time 
intervals which are shorter (or longer) than the period 
of the quantity being studied. This enables one or more 
cycles (or a fraction of a cycle) of the unknown to be 
shown on the screen, Normally, the fewer the number 
of such cycles, the easier studying the phenomenon 
becomes, but because of conditions associated with the 
manner of operation of the usual time-base oscillator, 
at least three cycles of the recurrent voltage should be 
shown on the screen. This means that the frequency 
Of the time-base oscillator should be variable between 
‘one-third of the lower-frequency limit of the vertical 
amplifier, and one-third of the upper-frequency limit 
of the vertical amplifier. 

If the vertical-amplifier bandwidth is from 3 cps to 
1 Mc, the time-base oscillator should have a frequency 











18 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


range variable between 1 cps and approximately 
300,000 cps. This has not been a general practice, al- 
though it is becoming one. It must be stated, however, 
that several other factors are related to the operation 
of the oscilloscope at frequencies below 2 or 3 cps. We 
are referring to the persistence rating of the screen. 
Further details of this phenomenon are given in later 
chapters.* 

In addition to the above, another important operat- 
ing characteristic is associated with the time-base sys- 
tem. This is the kind of time-base voltage required for 
the display of nonrecurrent transients. The observa- 
tion of recurrent waves demands a repetitive sweep 
which repeats itself until stopped. The observation of 
pulses which only repeat themselves at infrequent in- 
tervals, or which last for only a very short time, de- 
mands a type of sweep or time-base voltage known as a 
“single sweep” or a “triggered sweep.” With such a 
sweep, the horizontal displacement of the beam across 
the screen corresponding to time takes place just once 
and it is timed in such a way as to coincide with the 
existence of the pulse. The name “triggered sweep” 
indicates that the signal being observed sets the oscillo- 
scope sweep into action. Sometimes the reverse is true, 
that is, the time-base voltage is arranged to sweep the 
beam across the tube and also start the equipment from 
which the quantity being studied arises. 

Such single sweeps or triggered sweeps are singular 
features of some general purpose oscilloscopes, and 
those which contain it are set apart from the remainder, 
being suitable for special measurements in addition to 
the remainder of their general uses. It might seem that 
instruments which have such special facilities should 
be removed from the general purpose classification. 
‘They receive recognition and even special identifica- 
tion, as will be shown later, bat are left in the general 
purpose category because many of them are useful for 
numerous other everyday functions. Those oscillo- 
scopes which have the means of observing transients 
and short-duration pulses, but are lacking the facilities. 
for everyday work, and there are such, are classified 
in the special purpose category and do not appear 
among the general purpose instruments. 

Still another electrical feature found in some general 
purpose oscilloscopes is the means for determining 
time intervals between instants of an action, or for 
determining the duration of an action. Such systems 
are known as timing markers. Two types are available, 
but they need not be discussed here. It is sufficient, for 
the present, to say that they represent another point of. 
difference which sets one general purpose oscilloscope 
apart from another. 








Before concluding this portion of the subject, it 
might be well to mention the fact that the horizontal- 
deflection amplifier also is a part of the oscilloscope. 
This is the amplifier which controls the time-base or 
sweep voltage that is fed to the horizontal-deflection. 
plates. It too has a frequency bandwidth rating, which 
must, of necessity, be able to accommodate the fre- 
quency components present in the time-base voltage 
and so permit that voltage to retain its complete har- 
monic content when applied to the horizontal-defiec- 
tion plates. The same amplifier is usable for other pur- 
poses, too, but that isa separate subject. 


Types of General Purpose Oscilloscopes 

A fundamental characteristic separating types of 
general purpose oscilloscopes is the nature of the signal 
voltage acceptable to the vertical amplifier, that is, 
whether it is d.c. and ac., or a.c. only. This is indicated 
by the low-frequency limit of that amplifier. If it is 
rated at zero frequency, it will amplify a-c and d-c 
voltage signals with equal facility, but if it has a fre- 
quency limit greater than zero, it is suitable for a-c 
signal voltages only. The difference arises from the 
design of the coupling system between the amplifier 
tubes, If they are direct-coupled, that is, if the coupling 
capacitor is omitted, the amplifier will accept d-c sig- 
nals and also a-c signals. But if the coupling system 
employs conventional R-C coupling, the amplifier will 
accept only a-c signals for amplification. The d-c am- 
plifier will transmit a constant voltage as well as a 
varying voltage, whereas the a-c amplifier, by virtue 
of the presence of the coupling capacitor, demands a 
voltage variation. 

Designing the vertical amplifier so that it accepts 
zero-frequency signals has a great effect on its band- 
pass. It narrows the bandpass so much that it is per- 
missible to make the statement that d-c amplifiers in- 
variably are low-band amplifiers. At the present time, 
the oscilloscopes which offer this facility usually have 
a top frequency limit of about 200 ke, frequently less. 
If the shape of the response curve is not too important, 
that is, fa reduction in amplification of more than 6 db 
from the “flat” portion of the curve is acceptable, one 
might say that response up to 300 kc is available in 
some of these units, although the over-all utility of this 
extension in the frequency range is very slight since 
the primary purpose of the design is improved response 
at the low end of the frequency range. 

Amplifiers classified as a-c units have a very wide 
range of bandwidths extending from some small value 
such as 2 or 3 eps to as high as 100 Mc. This range is 
not, as a rule, available in a single unit. Usually, the 
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higher the upper-frequency limit, the more restricted 
is the lower limit, but this is not a standard practice, 
as indicated in Fig. 1-15, 

Identification of Bandwidth Ratings—In view of the 
different bandwidth ratings of the vertical amplifiers 
in oscilloscopes, it seems appropriate to establish iden- 
tifying terms which will enable one to readily recognize 
the classification of the device. As we analyze the prod- 
ucts on the market, we visualize three categories. Some 
individuals may not agree with our choice of names, or. 
with the basis we use for establishing the types. The 
final decision is in the hands of the industry ; what is 
offered here may be considered as a beginning. 

As we see it, three band-pass groups exist. These 
are: 

1, Wide band 
2. Medium band 
3. Low band. 

By wide band we mean vertical amplifiers with 
"upper-frequency limits between 3 and 100 Mc. The 
frequency limit at the low end of the pass-band is 
being ignored temporarily, at least in a-c amplifiers, 
because the primary interest in the majority of the 
applications is in the upper-frequency limit, Thus any 
oscilloscope which contains a vertical amplifier with a 
frequency response rating of 3 Mc or higher, we con- 
sider to be a wide-band device. We might subdivide 
the 3- to 100-Mc range into such classes as “extra-wide 
band” or "super-wide band," but these do not seem 
fitting, since itis reasonable to assume that the present- 
day commercial limit of 100 Mc will be exceeded in the 
not-too-distant future, 

By medium band we mean vertical amplifiers which 
will accept frequencies up to 3 Mc. This top limit is an 
arbitrary choice, as is its use as the base frequency for 
the wide-band amplifier. 

The low band extends up to $00 ke. This too is an 
arbitrary choice and one might say that the limit should 
be lower or possibly higher. Let the future decide that. 
In the meantime, the manufacturers of oscilloscopes or 
the committee responsible for the standardization of 
oscilloscope nomenclature has something to masticate. 

Facilities Associated with Classifications of Oscillo- 
scopes—Continuing with the breakdown of the general 
purpose oscilloscope, each category of instruments 
within a broad classification offers one or more facil- 
ities that are not available in the other categories. All 
of these facilities may not be duplicated exactly in all 
examples of that category, but a general similarity 
exists. However, because of the fact that each manu- 
facturer has his own ideas of what he can include in a 
piece of equipment sold for a certain price, the ex- 




















istence of the facilities may be assumed, but verification 
is necessary. Placing a number of different products 
within a certain category because their vertical-ampli- 
fier bandwidths fall within the limits of that category 
is not necessarily positive prbof that the dex 
tains the same circuits, or even similar circuits and 
facilities as another with the same vertical-amplifier 
bandwidth ratings. More than likely, similar service 
may be performed with both devices, but the final an- 
swer lies in the individual performance specifications. 

The general practice in the design of cathode-ray 
oscilloscopes is to include certain features in a wide- 
band instrument. Obviously, the wider the pass-band, 
the greater may be the number of these features, al- 
though a unit with a reduced bandwidth rating within 
the same category, or in another group, may contain 
similar features, but not necessarily to the same ex- 
tent, On the other hand, a device rated at a much 
lower bandwidth may also have such features, because 
they may be required in connection with a special activ- 
ity for which the device is suitable within the lower- 
frequency range. Strict adherence to the meaning of 
these categorics may prove misleading. That is the 
reason for this reference. Generalizing as we have done 

















Courtesy RCA 
Fig. 1-16—Wide-band oscilloscope containing a vertical 
amplitude calibrator. 
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is a satisfactory means of describing a situation, but 
it is necessary to drop a word of caution about the con- 
tradictions which exist, They are unavoidable because 
of the great overlapping in design capabilities caused 
by the overlapping in requirements. 

The group of photographs in Fig. 1-13 contains ex- 
amples of the three categories of general purpose os- 
cilloscopes, namely, wide band, medium band, and low 
band. In the first named, which seems to be the most 
prominent category, the examples given have numer- 
ous features in common, but also several features which 
are unique, Among these are the rated bandwidths and 
the presence of the Z-axis amplifier for intensity modu- 
lation. In contrast is the instrument shown in Fig. 
1-16. This is a wide-band device with a reasonably 
high bandwidth rating, containing a vertical amplitude 
calibrator which is not inherent to the units in the 
group picture. On the other hand, the instrument in 
Fig. 1-16 does not contain the Z-axis amplifier for 
intensity modulation on the face of the panel. No 
attempt is being made to compare the utility of these 
instruments by means of these simple references. It 
cannot be done this way. The few performance speci 
fications we may mention convey some information, 
naturally, but it is not the entire story. All the per- 














Couriers RCA 
Fig. 1-17—Wide-band oscilloscope suitable for laboratory use. 








Courtesy De M. 


Fig 1-18—Wide-band oscilloscope, Du Mont type 248, 





formance specifications must be examined, The brief 
references being made here are intended to convey the 
fact that all devices which are grouped together into a 
classification are not necessarily alike. 

To demonstrate this still further, Figs. 1-17, 1-18, 
1-19, and 1-20 are examples of four more wide-band 
general purpose oscilloscopes. The first of these is re- 





Courtes Browning Labs. 
Figi- 19—Wide-band oscillosyachroscope, Browning type 
ов: 
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Courtery Federal Teecemmunicuton Lobs. 
-20,—A $0-Me wide-band video oscilloscope. 





ferred to in the manufacturer's literature as a television 
research oscilloscope because of its characteristics, al- 
though the facilities it contains are useful for many 
other activities. The devices shown in Figs. 1-18, 1-19, 
and 1-20 also are general purpose oscilloscopes, con- 
taining still more facilities than are available in Fig. 
1-17 for the individual who demands them. 

In the majority of instances, these extra facilities are 
electrical in nature, like those mentioned earlier. They 
are also physical in nature, as for example, in Figs. 
1-16 and 1-17. These are two products made by the 
same manufacturer. While there are electrical differ- 
ences between the two units, the fundamental physical 
difference is found in the mobility of one as compared 
with the other. One is a portable device intended for 
use on a bench, whereas the other is mounted on casters 
зо that it may serve any number of individuals in a 
laboratory. Because of the implications of illustrations, 
we desire to say that the range of available instruments 
is not limited to those which we have illustrated. Many 
other products of different manufacturers exist on the 
market, but it is impossible to show pictures of all of 
them. Moreover the references to differences between 











Courtesy De M 


Fig. 1-21.—Special general purpose oscilloscope for television 
research or broadcast station use. 


them must be general. Any attempt to be specific would 
result in a duplication of the performance specifications 
contained in Chapter 22. 

Special General Purpose Oscilloscopes—Sometimcs 
a general purpose oscilloscope is contained within a 
housing that also contains supplementary equipment 
with which special functions may be performed. In a 
way, such a device is a special purpose oscilloscope, but 
in view of the utility of the oscilloscope for performing 
general functions, we have elected to include them 
under a special heading of the general purpose group. 
The reason for this is their association with the elec- 
tronic industry, in contrast with the special purpose 
oscilloscopes intended for nonelectronic applications. 
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Fig. 1-22,—Osealloscope containing special signal source for 
alignment of any system demanding an {-m signal. 








One example of a special general purpose oscillo- 
scope is shown in Fig. 1-21. This device is designed 
for use in television laboratories or at television broad- 
cast stations for checking the characteristics of tele- 
vision signals. Another example of a device within the 
same category but intended for an entirely different 
purpose is shown in Fig. 1-22. This is a combination, 
device containing a general purpose oscilloscope and. 
the special signal source required for alignment opera- 
tions on a-m, f-m, and television receivers, or any type 
cf system which demands a frequency-modulated sig- 
nal. In general it is an alignment device, but when de- 
sired, the two major sections, that is, the oscilloscope 
or the sweep generator, may be utilized independently 
of each other. 

‘The equivalent of such a combination unit is quite 
frequently formed by the use of two individual units, a 
sweep generator and a general purpose oscilloscope. 
In fact, these are more commonly in use than the com- 
bination instrument, That this should be the case is not 
surprising, since then each device may be used for 
applications which are unrelated to each other. On the 
other hand, the combination device has its advantages 
too in that the integration of the two systems affords 
great convenience. Again it is a matter of individual 
preference and needs. 














Special Applications of General Purpose 
Oscilloscopes 


It is very important to understand that general pur- 


Pose oscilloscopes may be employed to perform many 
special functions. If the correct type of instrument is 
available for the conversion of a phenomenon of one 
kind into a suitable voltage, the general purpose unit 
can be applied to many uses, thus becoming a special 
purpose oscilloscope without in any way impairing its 
general purpose utility. For example, a vibration pick- 
up, of which there are many kinds to suit many differ- 
ent purposes, can adapt a cathode-ray oscilloscope for 
a wide variety of vibration measurements and studies. 
It may he such a simple thing as checking the vibration 
of an engine bed, turntable support, radio cabinets, or 
the like, or it may be applied to such massive objects 
as bridge platforms and columns in buildings. Mecha: 
ical motion of all sorts, such as that in camera shutters, 
relays, rotating contacts, the action of a spring, or 
weaving machinery may be observed. Variations in 
pressure or strain are commonplace measurements 
made with such devices. Whether they are made 
general purpose oscilloscopes operated in conjunction 
witha transducer or if they are specially designed units 
is determined by the nature of the work, but, as we re- 
marked carlier, the simpler of these can be accom- 
plished with the general purpose instrument. 











Numerous clectromagnetic measurements and 
studies are being carried on today using the general 
purpose oscilloscope, The interrelation between mag- 
netic and electrical phenomena makes such operations 
relatively simple. Motion of a conductor in a magnetic 
field will result in a voltage which can very readily be 
correlated with the original motion, Depending en- 
tirely on the transducing device, phenomena such as 
light and heat come within the province of the general 
purpose device. Even the measurement f X rays and 
other kinds of rays are within its capabilities by using 
the Geiger counter as the transducer, 

These illustrations are but a few of the great number 
of applications, very many of which are shown and 
described in the industrial and scientific applications 
chapters, The educational applications of the general 
purpose oscilloscope also are very numerous and these 
too are described later in this text. 


Summary of General Purpose 
Oscilloscope Facilities 

If we select the significant features in the different 
classifications of general purpose oscilloscopes as a 
basis of comparison, neglecting for the moment all of 
tte common characteristics, it is possible to develop a 
chart which will show the correlation between these 
features and the categories. Such a tabulation follows. 
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General Purpose Oscilloscopes 

Alternating Current 

Wide band (3 Mc and higher) 
triggered sweep 
Z-axis amplifier 
timing markers* 
specific sweep speeds 
repetitive sweep (variable frequency) 
valibrator* 

Medium band (500 kc to 3 Mc) 
triggered sweep* 
Zaxis amplifier* 
repetitive sweep (variable frequency ) 
calibrator* 

Low band (up to S00 kc) 
triggered sweep* 
repetitive sweep (variable frequency ) 

Direct Current 

Low band (d-c to 300kc) 
repetitive sweep (variable frequency) 
triggered sweep* 
timing markers* 

*available in some instruments. 

Other significant specifications may have been se- 
lected in addition to those shown, but the list above is 
representative of what one might expect when the de- 
vice is identified in terms of the vertical-amplifier 
bandwidth. 


The Special Purpose Oscilloscope 

Again we encounter a wide variety of instruments. 
Special purpose oscilloscopes are of singular character 
in that each device is designed to perform just une role. 
It may be designed to serve an industry by being cali- 
brated in terms of the units used in that industry. It 
may be a device which is not a complete oscilloscope, 
but instead is the cathode-ray tube and its power sup- 
ply only, thus allowing it to be used as simply a cath- 
ode-ray indicator or display. As we remarked earlier, 
many varied services may be performed by the oscillo- 
scope so that any instrument which fits a field of 
activity especially well might be viewed as a special 
purpose device. 

In view of the myriads of measurements which are 
Possible with the equipment, it is hoped that a few ex- 
amples will suffice in this introductory chapter. All of. 
those given are described in terms of the basic phe- 
nomena and not the means employed to accomplish the 
display. The story of the transducer, the phenomenon- 
converting device, is a long one, and is discussed in the 
chapter devoted to scientific and industrial applica- 
tions. The fact that an oscilloscope may be designated 











аъ а special purpose device does not immediately re- 
move it from the electronic or the electrical industry, 
and place it in one of the nonelectrical classifications. 
It may he used in all branches of science, industry, and 
education. It becomes special purpose because it is de- 
signed to best fit a certain need, and its utility as a 
general purpose device is kept to a minimum if it exists. 
at all. 


Cathode-Ray-Tube Indicator 


‘The simplest example of a special purpose oscillo- 
scope, although m reality it iy not an oscilloscope, but 
rather just a cathode-ray-tube indicator, is shown in 
Fig. 1-23. It consists of a cathode-ray tube, its power 
supply, and the required beam-positioning controls, 








Courtesy Du Moni Labs 


Fig. 1-21 -Unit icluding only cathode-ray tube, power sup- 
ply, and beam-posttionang circuits 





All amplifiers and time-lase systems are missing, it 
emg assumed that whatever systems are required to 
make the device perform its function (exclusive of the 
power supply) will be furnished externally. As shown, 
the tube may as readily be the balance indicator in a 
bridge as the modulation indicator in a transmitter. As 
matter of fact, this and several other brands of like 
devices are offered in this manner to fit any applica- 
tion which requires a cathode-ray display tube using 
an clectrostatically deflected cathode-ray tube, 


Modulation Monitor 


An elaboration of the fundamental device appears in 
Fig. 1-24. This unit is a special purpose oscilloscope 
designed specifically for monitoring the output of trans- 
mitters and is called a cathode-ray modulation monitor. 
It is more elaborate than the basic indicator in that it 
contains the means for showing the modulated wave 
envelope as well as the trapezoidal modulation pattern, 
Tt contains a variable tuned circuit tunable over a fre- 
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Courtesy Dv Mont Labs 
Fig. 1-24—Cathode-ray unit used to monitor the output of a 
transmitter. 


quency range of from 0 4 to 40 Mc and a variable-fre- 
quency time-hase or sweep system covering a range of 
from about 15 eps to above 30,000 eps. The tuned cir- 
cuit feeds the carrier signal to the device for either 
wave-envelope or trapezoidal-pattern display. 





B-H Curve Tracer 

‘The B-H curve tracer shown in Fig. 1-12 is another 
example of a special purpose oscilloscope, being in- 
tended specifically for the investigation of magnetic 
materials. It contains all of the elements of the funda- 
mental cathode-ray oscilloscope, but these are arranged 
in such fashion as to be unavailable for general purpose 
work, and yet afford the utmost in convenience for the 
special purpose for which it was designed. It is the first 
of the instruments we have shown which contains a 
transducer, by means of which a phenomenon of one 
kind, in this case magnetic, is converted into voltage for 
application to the deflection system inside the cathode- 
ray tube. 








Aircraft Measurements 

The application of the cathode-ray oscilloscope to 
the measurement of static and transient pressures in 
the hydraulic system of an airplane is shown in Figs. 








Courtesy Acroamp Corp 
ig. 1-25—(A) Measurement of static and transient pres- 
ires using an Aeroquip hydrauliscope, (B) device being used 
‘check out the hydraulic system of the Martin 2-0-2, 








1-25A and B. This is a special purpose instrument used 
їп conjunction with a transducer which transforms the 
pressure levels into equivalent voltages and applies 
them to the deflection system of the electrostatic type 
of cathode-ray tube, The essential elements of a con- 
ventional cathode-ray oscilloscope are contained within 
the main cabinet, but in order to afford utmost соп- 
venience in the application for which the equipment 
was designed, only those controls are available as are 
essential to the attainment of its objective. 






Polar Co-ordinate Indicator 

Still another example of a special purpose oscillo- 
scope is shown in Fig. 1-26. This device, called a polar 
co-ordinate indicator, is designed for the study of 
rotating machinery of all kinds, and ideally suits the 
needs of the automotive industry for the study of dis- 
tributor action, motor and generator brushes, and the 
like. Further details about this device and the Hydrau- 
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Courtesy Du Mont Lobs 
Fig, 1-26.—Cathode-ray polar co-ordinator designed for the 
study of rotating machinery, 


liscope will be found in the chapter devoted to scientific 
andin applications. 








Servicing Unit 

An example of a special purpose oscilloscope of the 
simpler variety and intended for radio and television 
applications in the maintenance and manufacturing 
fields is shown in Fig. 1-27. It contains a variety of 
signal sources for all kinds of alignment operations and 
a cathode-ray oscilloscope for display purposes. АП 








Courtesy Paice Cort 
Fig. 1-27—Phileo 7008 £-m and television aligoment instru- 
‘ment which contains a basic oscilloscope unit. 


are housed within a single cabinet. The oscilloscope 
portion contains the necessary beam-positioning con- 
trol, a vertical amplifier, and a single-frequency sine- 
wave sweep necessary for alignment purposes. Of 
course, the device as a whole also is useful in those 
operations which require the services of various signal 
sources in connection with maintenance and produc- 
tion tests and measurements. 


Concluding Remarks 

So much for the general introduction to the different 
kinds of oscilloscopes. We are aware that some of the 
statements made here may not be as meaningful as one 
may desire, but this is due solely to the fact that so 
much more follows and we are attempting to advance 
in small stages. This introduction is intended to merely 
highlight the salient points, Because of the ramifica- 
tions of oscillography, boundaries must he imposed on 
the breadth of any discussion hecause some features 
of the underlying principles. 
n later in the text, we felt it ad- 
visable to refrain from even mentioning certain appli 
cations, and above all, frum describing fully the poten- 
tialities of different instruments. 

The examples chosen for discussion and illustration 
do not imply any preference, nor do the omissions of 
certain manufacturers’ products reflect in any way 
upon their products, Tt i» just that space prevents illus- 
trating every available device. Some manufacturers are 
mily represented than others, hut only 
because they produce a greater variety of instruments. 
The absence of some oscilloscopes from the list of per- 
formance specifications in Chapter 22 is due either to 
the unavailability of the information or to the fact that 
the instruments made their appearance after the book 
was on the press, Approximately 80 different models 
of oscilloscopes are described later, and this is a very 
substantial coverage of the commercial market. We 
repeat here what we have said before, namely, that 
comparison of instruments can best be accomplished 
by an analysis of the performance specifications, and 
now we add that after those findings are made, the rep- 
utation of the manufacturer and what he puts into his 
product must be given cognizance also. 

The omission of a reference to some special applica- 
tion which may come to the mind of the reader is not 
a sign that it has been either neglected or forgotten. 
More than likely, it will be found somewhere else in 
this book, for every attempt has been made to cover the 
field of oscillography as completely as possible, bearing 
in mind that the content of this book is devoted to the 
application of the cathode-ray-tube oscilloscope as it 
relates to measurements, research, and education. 
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CHAPTER 2 


THE PRINCIPLES OF ELECTROSTATIC DEFLECTION AND FOCUSING 





Two basic phenomena pertinent to utility of the 
cathode-ray tube are focusing and deflection. The first. 
of these is control of the electrons issuing from the 
emitter so that they will he furmed into a concentrated 
beam which will produce a sharp, bright trace on the 
screen of the tube. This action is paramount in every 
cathode-ray tube regardless of its type or ultimate pur-* 
pose, It governs the application of the tube as a display, 
in that a poorly focused electron beam will impair the 
usefulness of the device as a whole. If the amount of 
defocusing is extreme, it will prevent the appearance of 
any sort of defined trace on the screen; instead of a 
trace, the screen will display a dim glow of light across 
its entire surface, Obviously, therefore, proper focus- 
ing is a very important action, 

Focusing has a substantial effect upon the intensity 
of the trace, because it determines the arca in wl 
the electrons strike the atoms of the screen material. 
‘The smaller this area, the greater is the concentration 
of energy imparted to the atoms of the screen coating 
by the impinging electrons. The focusing of the elec- 
tron beam has its equivalent in the focusing of a light 
beam by means of lenses so as to concentrate the maxi- 
mum amount of light on a very small area. 

Electrons in motion behave in many respects like 
light rays, and can be focused by means of electron 
lenses which are specially shaped electrostatic or elec- 
tromagnetic fields. Just as a light lens can alter the 
direction of light rays, so can electrostatic and electro- 
magnetic fields alter the direction of movement of 
electrons. This action is known as refraction, or bend- 
ing. How it is done will be explained in this chapter. 

The need for focusing the emitted electrons into a 
beam arises from the condition that the source of emis- 














Fic. 2-1.— Paths. 
‘of electrons 





leaving | emitti 
s cathode. 


sion releases electrons which are scattered in many 
forward directions as shown in Fig. 2-1. Only a por- 
n of the electrons emitted eventually reach a single 
focus, but a satisfactory emitter in an electron gun re- 
leases a sufficiently great number of electrons per unit 
time so that, even if only a relatively limited quantity 
of these are properly focused, an electron beam of ade- 
quate density is obtained. 

Focusing is one of the functions of the electron gun, 
although focusing of the beam by clements entirely 
within the gun is accomplished only in the electrostatic 
deflection type of cathode-ray tube. In those which 
are known as the electromagnetic type, only a part of 
the focusing action is accomplished by the elements 
within the gun assembly. This portion is electrostatic. 
even if the tube is of the magnetic kind. The remainder, 
and hy far the more important action, takes place 
within the physical boundaries of the gun, although not. 
between elements which are an integral part of the gun. 
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Fic. 22. Relative. of elements of electron gun 
within electrostatic cathode-ray tube. 


The electromagnetic focusing coil is placed in proxim- 
ity to one of the gun elements, but it is not actually a 
part of the gun, The relative positions of these ele- 
ments for both electrostatic and electromagnetic type 
tubes are shown in Figs. 2-2 and 2-3. 

Relative to the system wherein the electron gun ele- 
ments perform the entire focusing, that is, the electro- 
statically focused tube, the gun contains the required 
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Fic. 2-3.— Relative positions of electron-gun elements and 
focus cuil of electromagnetic cathode-ray tube. 


electron lenses, which arc specially shaped electrostatic 
ficlds formed between electrically charged cylinders 
arranged in axial symmetry, Although the basic action. 
of electrostatic fields is generally well-known, certain 
aspects of such fields as employed in electron optics, 
or as employed for focusing in cathode-ray tubes, are. 
unusual, They differ so much from everyday applica- 
tions in radio tubes that they deserve more than just 
casual comment, 

Tn the electromagnetically focused tube, both elec- 
trostatic and electronragnetic focusing are employed. 
This may seem paradoxical in the light of the identifi- 
cation, Actually, such is not the case, because that por- 
tion of the electrostatic focusing system which is used 
in both types of tubes has other functions, too, which 
are common to all types of cathode-ray tubes, Its con- 
tribution to focusing is not its primary function, as will 
be shown later, which is why the principal focusing 
system remains the basis of identification, 

As a general rule, electrostatic focusing is employed 
in cathode-ray oscillographs and synchroscopes and in 
small-size television picture displays. It is also used in 
tubes utilized in other types of equipment, such as the 
various kinds of radar apparatus, Electromagnetic 
focusing is generally employed in television receivers 
which develog large-size pictures and in the larger- 
size tubes used in radar and similar apparatus; sel- 
dom, if ever, is it used in cathode-ray oscillographs for 
laboratory and maintenance applications. 

In order to explain how electrostatic and electro- 
magnetic focusing and deflection are accomplished, we 
shall review in brief the pertinent highlights of electron 
fundamentals. While doing so we shall assume a cer- 
tain background, and stress only those points which 
are important to the subject at hand. 











The Elemental Charges 

Usually, when we think about electric current, we 
have in mind the electron in motion, While it is true 
that both the elemental negative charge and the ele- 
mental positive charge (the electron and the proton) 
are capable of motion, the clectron, having a mass of 
about 1/1850 of the proton, is the more mobile of the 
two and is responsible for conduction currents through 
metals, vacuum tubes, and other radio components. 
Atoms of gases which bear a preponderance of posi- 
tive charges because electrons have been removed from 
the atom, thereby forming positive ions, also can move 
as an electric current, as in the case of the gaseous 
rectifier tube, but such convection currents are only of. 
limited interest at the moment. It is the electron cur- 
rent which concerns us most, 








Although an electron has never been seen, many 
things about it are known: at least, certain ideas have 
been advanced, which so far have withstood the on- 
staughts of critical examination and experiment. 
Among these is the mass of the electron, In most appl 
cations, especially in connection with radio and allied 
activit y of the electron is very low, At 
such speeds, or when at rest, it behaves as if it had a 
mays of approximately 9 X 10-2 grams, Its mass, 
however, is not a fixed quantity instead, iti» a variable 
which depends upon its velocity. 1f the velocity is less 
than one-tenth vf the speed of light (186.000 miles рег 
second), the change in mass i» negligible from that 
established for it when at rest. From the practical 
viewpoint, such velocity ix obtained with accelerating 
voltages approximating 2,500 volts, At voltages in 
excess of this value, the mass increases; at about 
10,000 volts, the electron velocity approximates about 
one-fifth of the speed of light, and at about 1,000,000 
volts, which is far beyond anything ever encountered 
in the conventional cathode-ray tubes, the electron i 
traveling at about 95 per cent of the speed of light. 











Einstein showed that electron velocity can never at- 
tain the speed of light because of its increase in mass, 
which would reach infinity at the speed of light. The 
change in mass with velocity is expressed hy the equa- 
tion. 


“= viz (2-1) 


where m = the mass in grams of the electron at rest 
тт, = the apparent mass in grams at the new 
velocity 
the velocity in centimeters per second 
the velocity of light in centimeters per 
second (3 x 1016 
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If expressed in terms of the accelerating voltage 
active upon the electron, its apparent mass at the new 
velocity 





m, = m(1 + 1.94 x 10*E) (22) 


where m and m are as before and Æ is the accelerating 
potential expressed in conventional volts", 

‘The interest in these figures does not lie in the need 
for mathematics when learning the operation of the 
tube, but rather as a means of fortifying the statements 
relative to the conditions of operation as the electron 








Lest we digress tov far, let it suffice for the moment to 


say that the increased brilliance of the trace, accom- 
plished by increasing the accelerating voltage, is re- 
lated to the apparent increase in the mass of the elec- 
tron as its velocity is increased. By virtue of the in- 
creased speed and mass, the electron is given increased 
energy, which in turn is transformed into increased 
brilliance at the point where the beam strikes the atoms 
of the screen material, 

The amount» of electricity represented by the two 
kinds of elemental charges are equal, although far too 
small individually to be of any practical utility. Spe- 
cifically, the elemental charge, whether positive or 
negative, is of the order of 1.59 x 10-* coulomb. Any 
useful value of current, no matter how little it may be, 
usually represents the movement of prodigious num- 
bers of electrons. One microampere of current requires 
that about 6 X 10, ог 6 million million, electrons 
advance past a point in the circuit in one second. This 
is a fantastic ainount, but fortunately one which need 
not be kept in mind. In the final analysis, we concern 
ourselves usually with the over-all quantity of elec- 
tricity which is transported in a unit time, rather than 
with the number of individual electrons. 

Just as a matter of comparison, we might mention 
that when 6 X 109^ electrons move past a point in one. 
second, one ampere of current is said to flow in the 
circuit and this corresponds to the transportation of 
one coulomb of electricity. Thus it is clear to see that 
the significance of the elemental charge as a certain 
amount of electricity is negligible. Yet it is important 
from the viewpoint of study, because the behavior of 
great quantities of electricity can be studied by noting 
the behavior of small quantities. In other words, the 
behavior of electric current can be learned by noting 
the behavior of a single electron, because all electrons. 
are alike, regardless of origin. 
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Current Without Conductors 

When we think of electric current or electrons in 
motion, we customarily associate the current with 
some confining medium or transporting path, as, for 
‘example, a wire. This is a commonplace condition in 
electrical circuitry, yet not necessarily a “must” condi 
tion, In other words, it is not necessary that a metallic 
conducting path be present in order that electrons flow 
in a directed path and constitute electron current, The 
operation of a vacuum tube demonstrates that a metal- 
Tic conducting path is not essential ; the grid, plate, and 
screen current within the tube advance through 
“space” without benefit of conducting paths. The 
physical conducting paths appear at the elements and 
the circuits connected to the elements. The cathode- 
ray tuhe is another example of electron flow through 
space. 

These references to conductorless paths for current. 
should not be misconstrued as implying that a so- 
called open circuit is an operative system. Direct elec- 
tron flow through space occurs only under proper con- 
ditions. For the present, we are concerned solely with 
electron. currents which are identified as conduction 
currents when they advance through wires, and we 
take for granted that wire circuits as pathy are com- 
plete in every respect. We raise this point because the. 
properties uf electron currents as associated with wire 
conducting systems are applicable to like currents 
which are traveling through space. 

Although we speak freely about vacuum-tube cur- 
rents a» being electrons in motion, we seldom think 
of them as having the properties of current in a wire 
because we have no occasion to consider these effects 
ide of many vacuum-tube devices. For example, an 
important attribute of the electron in motion is a mag- 
netic field which surrounds the moving charge. Seldom 
do we pay any heed to this phenomenon in a high- 
vacuum rectifier tube, in an amplifier tube, or in an 
oscillator tube. Admittedly, the movement of electrons 
through such devices is not in the form of a concen- 
trated beam; if it were so, there might possibly be a 
remote association with a similar current through a 
wire. In the case of the cathode-ray tube, however, 
the electrons are confined into a narrow path; there- 
fore, there is a closer similarity between a stream of 
electrons moving through a wire, and one advancing 
through this tube, 

But it is not this similarity which forces us to stress 
the condition. Instead it is that not only does the elec- 
tron stream within the cathode-ray tube possess every 
property of an electron current, especially the associ- 
ated magnetic field, but also that the operation of the 
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tube depends in part upon several phenomena which 
are tied in with the magnetic field. Electromagnetic 
focusing would be impossible without the magnetic 
attribute of the electron beam. The same, of course, is 
true as far as electromagnetic deflection is concerned. 

The absence of concentration of electrons in a va- 
cuum tube does not remove the electron stream from 
the conditions described as the basic laws of electricity 
and magnetism as applied to electric current—those 
conditions which are, of necessity, associated with the 
beam of electrons in the cathode-ray tube. Both are 
governed by identical laws; it is just that these laws 
are of more immediate interest in the cathode-ray tube 
than in the ordinary vacuum tube, The electrons ad- 
vancing through a conventional vacuum tube are sur- 
rounded by a magnetic feld, but it is unimportant in 
that case because the ordinary manner of application 
of such tubes does not require recognition of this field. 
In the cathode-ray tube, not only does the magnetic 
field demand recognition, but also it is put to good use. 


Stationary Charges. 

Not all of our dealings with electrons in connection. 
with the operation of the cathode-ray tube are re- 
stricted to charges in motion—that is, dynamic elec- 
tricity. A good deal of what takes place within the 
cathode-ray tube is the result of the behavior of elec- 
trons at rest, of the positive charge at rest. While it is 
true that we cannot create a positively charged plate 
without first making electrons move away from that 
plate, leaving a residual net positive charge, we ordi- 
narily ignore this transient motion of the electron. Con- 
ditions are considered only after the electron has come 
to rest somewhere else, where it sets up a negatively 
charged surface. 

If these statements remind you of "charged" bodies 
of surfaces, the basis of operation of the conventional 
vacuum tube wherein the elements act as charged sur- 
faces, or even the principle of operation of a capacitor, 
your thinking is along correct lines. Many of the per- 
formance capabilities of the cathode-ray tube stem 
from the creation of a "charged" state in some of the 
components which are part of its structure. The elec- 
trostatic fields and lines of force existing between 
these charged surfaces account for such actions as elec- 
trostatic focusing and deflection, because they deter- 
mine the paths of electrons which pass under their 
influence. 

Taking into account the properties of current and 
the fields between charged surfaces, we shall see that 
the basis of focusing and deflection is the establishment 
of certain paths for the emitted electrons and the beam 
by these phenomena. To discuss each completely is 





beyond the scope of this hook, yet a review of the basic 
principles is essential. This can be done most easily 
by grouping the actions into electrostatics and mag- 
netics and discussing each separately. The discussion 
will, however, be limited to those subjects within each 
‘group which are most directly associated with the title 
of this text. 


Electric Fields and Lines of Force 

Tt is a basie law of physics that unlike charges at- 
tract each other and that like charges repel each other. 
The development of this law consumed time and effort 
in experiment, observation, and analysis. Originally, 
when it was noted that bodies bearing charges reacted 
in a certain manner upon each other, the general ap- 
proach was that some sort of “action at a distance” 
was taking place. Among the early investigators, Fara- 
day was a strong objector to this philosophy. Eventu- 
ally he conceived the idea that something existed “be- 
tween" the bodies which displayed attraction and re- 
pulsion for each other. The result was the concept of 
electric fields and lines of force as being in the space 
between the objects. 

The graphical presentations of the electric field and 
the lines of force, are strictly mental devices, to assist 
in visualizing certain phenomena, Sometimes it is con- 
venient to think of the field lines or the lines of force 
аз having certain physical properties ; but these prop- 
erties are nothing but explanations of what happens, 
not the cause, By accepting these concepts as a work 
ing tool without trying to demonstrate validity, 
be easier to comprehend the subject of fields, and in 
particular electron lenses. 

By an electrostatic field or electric field, the physi- 
cist means a special condition of space around every 
elemental charge of either polarity, By the special 
condition of space, the physicist means that energy, 
attributable to the charge, exists around it. Moreover, 
this energy is capable of exerting a force upon another 
charge. Thus every elemental charge, whether isolated 
in space or resting upon the surface of a body, is in- 
separably associated with an electrostatic field, which 
may be called a field of energy. Or, if we examine the 
condition from the viewpoint of the force which it 
may exert upon another charge, then the electrostatic 
or electric field is a field of force. 

Since the field is one of energy or force, neither of 
which is a substance, the field is invisible, and it is 
detectable only by its effects. Such effects are the forces 
which the field is capable of exerting upon something 
susceptible to it, and such a “something” is another 
charge or charges. 

Now, recalling that every elemental charge has a 
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field of its own, and placing a charge A within the field 
of another charge B, if we say that the field of A is 
capable of exerting a force upon charge B, we are 
stating only a part of the truth. In reality, charge B 
also has a field, so that the field of A is acting upon B. 
and the field of B is acting upon A. 

When we speak about forces being present in a field 
and being the effect of the field, it must be remembered 
that this is a mutual condition involving all of the 
fields due to all of the charges. The manifestation of 
these forces is the action described by the basic laws 
of physics—the attraction between unlike charges and 
the repulsion hetween like charges. 

Now, force not only has magnitude, but is also a 
directed quantity. That is, it act» ina definite direction. 
(Such a quantity is called a vector.) If we say that a 
field is perceivable by its effects and these effects are 
forces, then the effects (forces) have both direction 
and magnitude. Here we have а clue to the means of 
representing the field as a whole, or rather, a means of 
illustrating the special condition of either the space 
around a charge, or the condition of space between 
charges. 

What is done is to use lines which show the direc- 
tion of action of the forces present in the field. We 
might describe these lines as being the paths of the 
force or the paths over which the force would be 
exerted; if the force is applied to move a charge, the 
motion of the charge would be along such a line. 
Hence the phiysicist's artifice of lines of force as the 
pattern of the electrostatic field, This makes sense 
and is a very convenient method of presentation be- 
‘cause it does inform about the condition of the space. 

‘Admittedly, such a direction line alone is not all the 
information about the forces present within a field, 
because it lacks data relative to the magnitude of the 
force. However, if we are interested only in the general 
pattern of the field, and not in the exact constants of a 
specific field, we can do without the magnitudes of 
force at different points in the field. Such actually is 
the case; the pattern of the electrostatic field between 
two unlike and between two like charges is of much 
‘more value to us than the actual distribution of forces. 
This is so because our object now is the presentation 
of information about the purpose of the lines of force 
and their behavior, rather than the actual magnitudes. 
So the stage is set for the picturization of an electro- 
static field and lines of force. 


The Field Between Unlike Charges 

In Fig. 2-4 is shown the electrostatic field between 
two unlike charges. These need not be two elemental 
charges of unlike sign; they could just as readily be 











Fic, 2-4, — Electro- 
static feld between two 
unlike charges. 





accumulations of unlike charges—all of one sign in 
one group distributed around the surface of a sphere, 
and all of opposite sign similarly distributed on the 
surface of another sphere. The general nature of the 
field will be the same for both of these conditions, 
although it must be said that such a pattern will not 
hold for all configurations of the body which mounts 





"the charges. When the shape of the field sources is 


spherical and the charges are unlike, the pattern of the 
field i» as shown in this illustration, A change in shape 
of a group of charges will cause a different type of 
field, as will he illustrated later. In the meantime, it is 

possible to develop the information about the be- 
havior of the lines of force using this elemental field 
pattern, because the manner in which the lines of force 
behave is fundamental and not subject to specific con- 
figuration either of the field source or the field itself. 

Many interesting observations may be made about 
such a field in terms of the lines of force, For example, 
some lines of force are shown joining the two unlike 
charges which we shall assume to be separated by a 
certain distance, The actual dimension of this distance. 
is unimportant, Other lines are shown incomplete. 
This, however, is purely a matter of limitations in 
illustrating, because every line of force between two 
charges joins these two charges. Therefore, if you can 
visualize such a thing, the lines of force issue from 
‘each charge in all directions and join the charges. 

The two charges in Fig. 2-4 are shown relatively 
close to each other. Such, however, need not be the 
case; the unlike charges can be far apart, without in 
any way changing the condition that lines of force 
from a negative charge will terminate on a positive 
charge, or vice versa, Theoretically, the amount of 
separation of the unlike charges is of no consequence. 

Then there is the matter of the space between the 
lines of force. This, too, is a limitation in illustrating. 
Actually there is no space between them ; all the area, 
in all directions, is filled with lines of force. In draw- 
ing the field, we select certain lines only as being repre- 
sentative, and show them. 

As to the direction of the field, as shown by the 
arrowheads, itis the direction in which the force would 
be exerted along the line of force in accordance with a 
certain convention. This requires some elaboration. 
Two conventions exist for the direction of an electro- 
static field. One frequently used convention assumes 
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such direction of the field as would be indicated if a 
test charge of positive polarity were placed int the 
field. The other convention, which is used in this book, 
assumes such direction of the field as would be indi- 
cated if the test charge placed into the field were of 
negative sign. Our preference for this convention is 
based on the fact that the electrostatic fields in the 
cathode-ray tube act on the electron, which has a nega- 
'e charge ; therefore, we avoid confusion by consider- 
ing that direction which conforms most closely to the 
final analysis of cathode-ray operation. 

Accordingly, the direction arrows point away from 
the negative charge and toward the positive charge, 
and show the direction in which an electron would 
move when under the influence of the field. In this 
connection, we might mention that the field shown in 
Fig. 2-4 does not require the negative charge to ad- 
vance to the positive charge. It is possible to imagine 
these two charges ax being fixed in their respective 
positions, in which case conditions would remain con- 
stant and an electrostatic field of a certain direction, 
which could cause a certain motion on the part of an 
electron placed within the fiekl, would be effective. 





Behavior of the Lines of Force 
Continuing with our discussion of the feld between 
two unlike charges, as shown in Fig. 2-4, several very 
important comments must yet be made. Perhaps, from 
the viewpoint of utility, these are more important than 
any made so far. We mentioned earlier that the effect 
of the field was the application of forces to those things 
which were susceptible to such forces. Let us consider 
for the moment the basic law which states that unlike 
charges are attracted to each other, Such attraction 
often involves physical motion and, according to our 
convention, it would be a motion of the electron, 

Is such motion a function of the charges themselves, 
that is, their presence? Or, put differently, do the 
charges move of their own volition because they are of 
unlike polarity? According to theory, the answer is 
negative, It is true that the polarity of the charges 
determines the field, but the effect of the field as inter- 
preted in the motion of the charges is due to the be- 
havior of the lines of force. As stated earlier, these 
lines are aids to visualizing what actually does happen, 
and have no independent existence outside of the 
imagination, Since they are imaginary, we may assign 
any properties we choose to help describe what actu- 
ally happens. One such property is that of lengthwise 
contraction ; we assume that lines of force tend to 
shrink along their length. For example, a line extend- 
ing from a positive charge to an electron, in shrink- 





ing, would draw the electron toward the charge. If the 
clectrons were carried further away from the positive 
charge, the line of force would be stretched ; a mechan- 
ical force would be required to do this. Given the op- 
portunity, as determined by the mobility of the charges, 
the electric lines of force between the two charges will 
bring the charges together so as to satisfy the funda- 
mental condition of minimum length of the line of 
force. 











It is because of this, as well as a few other condi- 
tions, that a comparison is made between the behavior 
of such lines of force and that of stretched rubber 
hands, Of course there are limits to the application of 
this analogy, but itis a reasonable one when we visual- 
ize the line of force as possessing energy which can be 
put to use, just as the stretched rubber band possesses 
energy which can be put to work, Most certainly the 
tendency of the stretched rubber band is to shorten 
itself. and in so doing, to do work. The same can be said 
about the electric line of force. Given the opportunity 
to contract, the energy present along the line of force. 
will be transformed into other forms of energy—per- 
haps kinetic energy applied to the electron $o as to get 
it to move, and of course, into heat, At any rate, the 
energy in the field, distributed along the lines of force, 
is capable of doing work during the time that the lines 
of force contract. 


Anuther property of the lines of force is that lines 
active in the same direction appear to repel one an- 
other laterally. This accounts for the curvature of the 
lines of force which join two charges at points other 
than on the straight-line axis between the charges. The 
line of force along the axis is straight because the 
amount of repulsion, from: other lines laterally posi- 
tioned, is the same on all sides; in other words, the 
forces are symmetrical, However, at distances from 
the axis, the lines of force curve outward because of 
the greater amount of repulsive force originating from 
the direction of the axis and less repulsive force origi- 
nating from the outer side of the force line. Neverthe- 
Jess, spaces still do not exist between the lines of force; 
the lines simply curve outward instead of being 
straight. 


This property of the lines of force between two un- 
like charges may not have much bearing upon the 
behavior of such charges. Being subject to attractive 
forces, it is the shortening of the line of force along its 
length which is the paramount action. However, the 
lateral repulsion between the lines of force with like 
direction is very important in the behavior of like 
charges, which are dealt with in the paragraphs which 
follow. 
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The Field Between Like Charges 

Fig. 2-5 shows a pattern of the electrostatic field 
between two like charges. Whether they are two posi- 
tive or two negative charges is immaterial ; we show 
two of the latter simply аз a matter of choice. If they 
were two positive charges, the field would still be the 
same, 

Let us examine this field pattern somewhat critic- 
ally. The first condition we note is that there seem to 
be no termination for the lines of force. Why not? 
The answer is simply that we show only a portion of 
the fields associated with these two like charges. In 
reality, each of these two like charges has its own field 
with a charge of opposite sign located at some remote 
point. It is to these unlike charges that the lines of 
force shown in the figure continue. In other words, 
when we show the field between two like charges, we. 
really are showing only that section of each of two 
fields, extending between two unlike charges, which is 
in the proximity of the two like charges. 

It is conceivable, in theory, to visualize these two 
like charges isolated in space, each with its field ex- 
tending to infinity, and to describe a direction for each 
line of force according to its effect upon a "test" elec- 
tron (one which is placed in the field for determina- 
tion of lines of force). In accordance with this idea, 
the directions of the lines of force which face each other 
would he the same. However, the reason for tying in 














the two like charges under consideration with two 
‘other charges of opposite sign is that it permits the 
closest correlation with what is to follow during the 
discussion of the cathode-ray tube. Fig. 246 is the 
drawing we shall use for discussion from this point 
‘on; this is the same, in substance, as Fig. 2-5, with the 
addition of the “remote” charges. 

A few differences exist between the two drawings, 
but in the main these are due to perspective, rather 
than to any actual difference in conditions, What we 
have done is to reorient ourselves relative to the 
imaginary lines of force. The fact that we illustrate. 
two pairs of like charges instead of a single pair does 
cate the discussion. Whether it is a single 
. the question remains 
the same—"What is the basis of the repulsion between 
like charges?" Remembering that the attraction be- 
tween unlike charges is attributable to the contracting 
properties of the lines of force, itis not too far-fetched 
to suppose that the repulsion likewise is due to some 
action on the part of the lines of force. 

This is the case ; it is the lateral repulsion between 
lines of force having like direction, which is responsible 
for the repulsion between charge evident in the 
illustration, the direction of the lines of force facing 
each other and which join the two pairs of unlike 
charges is the same; these lines feel repulsive forces 
between them. Being attached to the lines, the charges 
likewise feel the same forces and move apart, It is 
necessary to understand that the repulsion between 
similarly directed lines of force does not depend upon 
motion of the charges. In fact it is the reverse; the 
motion of the charges is due to the repulsive forces, 
These exist even if motion of the charges responsible 
for the fixed field cannot take place because of the 
nature of the system. 

Relative to the pattern of the field shown in Fig. 
2-6, another significant condition must be mentioned. 
‘This is the flattening of the facing lines of force as the 
‘consequence of the repulsion between them. While this 
may not have a great meaning with respect to the 
actual action, the change in the configuration of the 
lines of force so that they run almost parallel to each 
other is a very important point. To state why this is во 
at this time would be premature in the organization of 
this discussion, All that we shall say here is that we 
should bear that condition in mind for future reference. 

At.this stage you may be wondering about the con- 
nection between the field as shown in Fig. 2-6 and 
‘what happens in the cathode-ray tube, The justification 
for showing the relationship between like charges is 
twofold. First, the type of configuration of the facing. 
lines of force shown in Fig. 2-6 is a very close approach 
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to what will be found in the cathode-ray-tube electro- 
static focusing system. The second reason is to explain 
the background of the action whereby an electron 
moves away from a negatively charged body. This 
could not be done very well using the field between 
two unlike charges. 

On the whole, the field patterns shown in Figs. 2-4 
and 2-6 serve well as background for the field pat- 
terns which will be found not only in the electrostatic 
focusing systems, but also in the deflection systems. 
‘Much more could be said, but it will be held in abey- 
ance until later, when the expansion of these basic 
ideas will permit a much closer correlation with actual 
conditions of tube performance. 


Charged Bodies 

Expanding upon the basic conditions which we have 
described, it stands to reason that if a body ог a sur- 
face is made to bear a preponderance of a charge of a 
single sign, that body will, in principle, display the 
same electrical effects as a single charge of the same 
sign. Of course, the magnitude of the effect will natur- 
ally be much greater, because there are many more 
charges present. Therefore, if we arrange one surface 
to bear а preponderance of electrons and another to 
bear a preponderance of positive charges, and these 
two surfaces are placed so as to face each other, but 
are separated, an electrostatic field will exist between 
the two charged surfaces. The space between the sur- 
faces will be filled with lines of force which will have 
a certain direction. 

Such a system is shown in Fig. 2-7, The voltage 
source B, with an arbitrary difference of potential be- 
tween its terminals, is connected to two parallel metal 
plates A and C. Prior to the application of the voltage, 
a condition of electrical equilibrium existed on the 
two plates; equal numbers of unlike charges resided 
on each of the plates, therefore, the space between the 
plates was devoid of any field. 

When the voltage is applied, this two-plate “con- 
denser,” with air separation between, becomes 
"charged" like any ordinary electrical capacitor would. 
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One of the plates A bears a preponderance of posi- 
tive charges and the other plate C bears a preponder- 
ance of negative charges by virtue of the polarity of 
the charging source; an electrostatic field is created 
between the plates and the space is filled with lines of 
force. In view of what was said earlier, we need not 
comment on the origin of the lines of force ; if anything 
deserves comment, it is the configuration of this field 
аз compared to the field between two unlike charges as 
previously illustrated. 

Between the plates, the field is made up of lines of 
force whicl are straight, and we may assume that they 
are uniformly distributed within the boundaries of the 
plates because the separation between the plates is 
small compared to the other dimensions of the sur- 
faces. If we neglect the conditions near the borders of 
the two plates, the number of lines of force penetrating 
any unit area of surface on the plates will be the same 
everywhere on the plate, Such a distribution of lines 
of force constitute a uniform field; this condition 
would not hold if the plates were not parallel, 

As to why the lines of force which join the charges 
оп the two plates are straight, rather than both straight 
and curved as shown in Fig. 2-4—that too is simple 
to explain. To begin with, charges made to reside upon 
a flat surface will normally distribute themselves uni- 
formly over the surface. With large numbers of charges 
residing on each of the plates, there are many lines of 
force. Each of these, with the exception of the fringe 
at the boundaries of the plates, feels equal to repulsive 
forces all around it. With forces of equal magnitude 
tending to repel each line from all directions, the bal- 
ancing of these forces leaves the line straight. 

The curvature of the lines of force at the borders 
already has been explained in discussing the two 
charges of Fig. 2-4. These lines curve outward be- 
cause the repelling force issuing from the area between 
the two plates exceeds the force which stems from the 
area on the outside of the lines, The result is outward 
curving lines of force. This nonuniform fringe field 
usually can be neglected. 

Regarding the direction of the field, we follow the 
previous convention, namely that direction as would 
be defined by its action upon an electron, Therefore, 
the line of force points away from the negatively 
charged plate and toward the positively charged plate. 


Energy of the Field 

‘Several very interesting and important observations 
can be made about such an electrostatic field. First, 
the creation of it requires work, or energy, because the 
separation of negative charges irom positive charges is 
accomplished only by the application of some force. 
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Moreover, as more and more electrons are removed, 
the attractive force of the remaining charges upon the 
electrons becomes greater and greater. In like man- 
ner, the accumulation of electrons on the other plate 
also becomes increasingly difficult, since like charges 
repel; therefore, force must be exerted to push these 
negative charges onto the so-called negative plate. As 
more and more electrons are piled onto this plate, the 
repulsive force naturally increases and must be over- 
come in order to push more electrons onto that surface. 
In short, work must be done upon these electrons in 


order to get them to redistribute themselves in this 


manner. 

Bearing in mind that these electrons were initially 
at rest, some source must impart energy to them so as 
to cause them to move around through the circuit in a 
specific manner and specific direction—against the 
natural forces which either bind them to each other or 
tend to make them repel each other, depending upon 
the polarity of the charges. This function of supplying 
energy to the electrons is performed by the device 
which “charges” the system. In Fig. 2-7, this is the 
battery B which can be replaced by a voltage source 
of some other type, such as a vacuum tube or a gen- 
erator, without altering the basic phenomena. The 
voltage source introduces the initial difference of po- 
tential or electromotive force (emt), which exists be- 
tween its terminals, necessary to make the electrons 
move around the circuit. 


As the negative charges are transferred from one 
plate to the other, they convey energy and gradually 
establish a corresponding difference of potential be- 
tween the plates themselves. The energy which the 
voltage supply imparted to the electron is transferred 
to the electrostatic field (between the plates) when the 
electron comes to rest. Therefore, we can view the 
difference of potential between the two parallel facing 
surfaces as representing the capabilities of the electro- 
static field to make electrons move, just as the initial 
difference of potential between the terminals of the 
voltage source enabled electrons to move through the 
system initially, 

‘The electrostatic field between the plates can make 
electrons move either between the plates, or through a 
conductor which joins the two plates. The limit of 
movement of the negative charges under the influ- 
ence of the original voltage source is reached when 
the difference of potential established between the 
plates equals the difference of potential between the 
terminals of the battery. At this time, the magnitude. 
of the attractive force of the positive charges on the 
positive plate and the magnitude of repulsive force of 


the negative charges on the negative plate are suffi 
cient to offset the electromotive force (emf) repre- 
sented by the difference of potential, or voltage, of 
the battery. 

The time required for the difference of potential be- 
tween plates 4 and C to rise to the value of the voltage 
source B is a variable depending upon several fac- 
tors. None of these are of interest in connection with 
the systems used in cathode-ray tubes, whose opera- 
tion is now being explained. Practically, we can as- 
sume an instantaneous rise in potential, between the 
plates, to that of the voltage source B. Of course there 
always will be some time lag, but this is so slight from 
the usual practical viewpoint that it can be neglected 
over any range of frequencies presently encountered in 
cathode-ray-tube applications. 

The development of a detectable electrostatic field 
between the plates, or the setting up of lines of force 
between the plates, commences with the first electron 
which is transported, and the field becomes increas: 
ingly stronger (greater number of lines of force) as 
more and more electrons are removed from the positive 
plate and added to the negative plate. 

The ability of the electróns, accumulated on the 
negative plate, to hurdle the gap separating the plates is 
strictly a function of the intensity of the field; this, in. 
turn, is a function of the amount of energy which 
given the electrons by the so-called “charging” voltage 
source. If this voltage were gradually increased from 
zero, a value would be reached when so many electrons. 
had been redistributed that the mutual attraction be- 
tween the positive charges on one plate and the elec- 
trons on the other plate would literally tear away the 
electrons from the negative surface, in a direction 
along the lines of force, and a “current” would flash 
across the gap. This current, or spark, would of course 
be momentary, but would nevertheless dissipate the 
entire field. 

‘A phenomenon of this type is an example of work 
being done on the electron, the action being across the 
space between the plates, rather than through any 
metallic conducting path around the plates. Since it is 
possible for the field to exert sufficient force upon the 
electrons on the negative plate so as to pull them to 
the positive plate, it stands to reason that if electrons. 
were positioned between the plates they could be acted 
upon in similar manner. The motion of these space 
electrons would be governed by the forces present in 
the field, which in turn would correspond to the field 
intensity at the point where the electrons were located. 
This leads to the description of the field from the view- 
Point of the forces present at various points in the 
feld. 
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Forces Acting On Spatial Electrons 

Let us use, as the basis of our discussion, the illustra- 
tion in Fig. 2-8. This shows a uniform field existing 
between two parallel plates. We shall locate three 
electrons, a, b, and c. at three different points in the 
field. One of them, a, will be near the negatively 
charged plate ; electron b will he midway between the 
two charged plates; and electron c will be near the 
positively charged plate. All of them will feel the same 
pull toward the positive plate because of the direction 
of the field, and, what is more, all of them will ex- 
perience the same force making them move to the 
positive plate, Naturally, all will advance along lines 
of force. 

The movement of the electrons is not due solely to 
the attraction by the positively charged plate, A. A 
distinct contribution to this action is made by the nega- 
tively charged plate as well, During the time that the 
positively charged plate is attracting the electron, the 
negatively charged plate is repelling the electron to- 
ward the positive plate. Hence two forces, in the same 
direction, are acting upon the charge. 

If we imagine the electron located midway between 
the plates, in this case electron b, equal forces of at- 
traction and repulsion will move the charge in a single 
direction, ie, toward plate A. The total force moving 
the electron will be the sum of these two individual 
forces, both, you will remember, acting simultaneously 
in the same direction, 

If the location of the electron is changed so that it is 
mo longer midway between the plates but near the 
negatively charged plate, like electron a, the total force 
acting upon the electron will still be the same as be- 
fore. Although it is true that the magnitude of attract- 
ing force has been decreased due to the greater separa- 
tion between the charge and the positive plate, the 
magnitude of the repelling force has been correspond- 
ingly increased due to the greater proximity of the 
electron to the negative plate, thus maintaining the 
total force constant. 

Reversing the location of the electron, that is, locat- 
ing it near the positively charged plate A, as in the 
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case of electron c, does not change the force acting on 
the electron. The reduction of repelling force due to 
the increased separation between the charge and the 
negatively charged plate is compensated for by the 
corresponding increase in attractive force from the 
closer positively charged plate. 

‘Thus it is understandable, even without a mathe- 
matical analysis, that the electrostatic field acting upon 
the electron anywhere within such a uniform field is 
constant. This holds true for any one set of conditions 
which establishes the magnitude of the field and for 
any one set of plates separated by a fixed distance. 

‘The actual force in dynes experienced by the electron 
is of no consequence in this discussion. It can be small 
or it can be great, depending upon the difference of 
potential between the plates 4 and C. The important 
detail to bear in mind is the direction in which the 
force acts, and that the force is constant throughout 
the field. 


Velocity of the Electron 
In connection with the transverse motion of the 
electron through the space between two plates, across. 
which a difference of potential exists, it might be well 
to consider the velocity for future reference. In Fi 
2-8 we assume several electrons at rest, placed within 
the field. Because of the action of the field upon these 
electrons, they will move toward plate Æ. In other 
words, the field is doing work on the clectrons and 
accelerating them. This is equivalent to saying that the 
electron acquires energy—kinetic energy, the energy 
‘of motion. To specify the magnitude of energy thus 
gained by the electron, it is customary to express it in 
terms of electron volts of energy or simply electron 
volts. This conforms to a previous reference that volt- 
age was indicative of the energy possessed by an elec- 
tron. Consequently, if an electron which is located 
between two plates across which a difference of poten- 
tial of 300 volts exists, and the field accelerates the 
electron from the point of zero potential to the point of 
300 volts potential, or through 300 volts, the electron 
has gained 300 electron volts of kinetic energy. This is 
also described by saying that the electron has fallen 
through 300 volts, analogous to a falling object which 
loses potential energy and gains kinetic energy during 
the fall. Thus, if an electron falls through 60 volts, it 
has gained 60 electron volts of energy, or if the energy 
possessed by a moving electron is described as being 
3,000 electron volts, it means that the electron has been 
accelerated by, or has fallen through, 3,000 volts. 
Quite frequently, the velocity of an electron is ex- 
pressed in terms of electron volts, or more simply, 
volts. Thus if an electron were described as having a 
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velocity of 300 volts, it would mean the velocity which 
acquired when falling through 300 volts, or when 
accelerated through 300 volts. The approximate veloc- 
ity corresponding to a number of volts is expressed by 
the equation 








wv = 593 х 10' х VE (2-3) 

where v is expressed in centimeters per second, and E 

the difference of potential responsible for the ac- 
celeration of the electron. 

This equation is applicable to accelerating voltages 

of several thousand volts, at least to values which will 

not cause velocities which exceed about fifteen-hun- 








dredths that of light, where the change in mass of the’ 


electron due to its velocity starts to become significant. 
The final velocity of the electron when advancing 
through a field along the lines of force is of interest for 
several reasons. First, the equation shows that the final 
velocity is independent of the spacing between the 
plates and is proportional to the square root of the 
voltage across the plates, Second, the action of electro- 
static deflection involves the matter of electron speed, 
deflection voltages, and frequency of operation. 


Equipotential Points and Lines 

According to convention, when an electron advances 
from point A to point B through a circuit, as in Fig. 
2.9, the charge has moved from a point of lower poten- 
tial to а point of higher potential. To make the charge 
move through the circuit requires that work be done 
‘on it, which means that energy must be imparted to it. 
‘The source of this energy is the voltage supply, and 
the movement of the charge is accounted for by the 
fact that the voltage source sets up a difference of po- 
tential at different points throughout the system, in 
accordance with the constants of the system. 

At any point in the system, the potential of that 
point is a measure of the work which must be done 
upon the electron to make it advance from another 
point to the point in question. Therefore, it is possible 
to characterize a point in a system such as B in Fig. 
2.9, by reference to its potential with respect to some 
other point—as, for example, a zero-potential refer- 





ence point, such as A in the same illustration, When 
this is done, the direction of advance of the charge 
(current) in the circuit is indicated ; also, the electri- 
cal level of that point in the system is stated. 

The use of the term “potential” as an indicator of 
the electrical level, as a measure of the work which 
must be done upon a charge to get it to that point, and 
finally as a means of indicating the direction of move- 
ment of the charge, is not restricted to electrical cir- 
cuits; it can just as readily be applied to points in 
space, As a matter of fact, such reference to the poten- 
tial of points in space is very essential in nonuniform 
structures, because it affords a means of indicating and 
describing the electron paths more conveniently than 
when the lines of force are shown. 

By definition, "the potential of a point is the work 
which must be done on a unit charge in order to trans- 
port it from a ground reference point to the point in 
question”. Since work is the product of force by dis 
tance, the potential of a point in space is proportional 
to either force or distance when the other quantity is 
constant. We stated before that the force anywhere in 
a uniform field is constant at all points, which means 
that the potential of any point in a uniform field is pro- 
portional to the distance from the reference point. 

For example, in Fig. 2-10 we show the uniform field 
which exists between two surfaces one centimeter 
apart, with a difference of potential of 300 volts be- 
tween the two plates. If we select the negative plate as 
our reference point, the potential along any line of force 
between the two plates will increase progressively in 
whatever increments we may select from zero at the 
reference point (the negative plate) to the maximum 
(300 volts in this case) at the positive plate. The work 
which must be done on a charge in order to move it 
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from the reference point to another point midway be- 
tween the two plates along a line of force, amounts to 
half of what would have to he done to transport it to 
the positive plate. Consequently, a point half-way up 
along the lines of force would have a potential of 150 
volts. 

If we divide the distance between the two surfaces 
into equal intervals of 0.1 em along a line of force, we 
would have point of increasing potential 0.1 cm apart. 
Each 0.1 cm would correspond to an increase of 30 
volts, since the total distance of 1.0 cm, equal to a dif- 
ference of potential of 300 volts, is divided into ten 
equal parts. The first 0,1 cm point upward from the 
reference point of zero potential corresponds to 30 
volts ; the 0.2 em point corresponds to 60 volts, and so 
‘on, If the maximum difference of potential between the 
plates were 3,000 volts, and the separation between 
them were 1.0 em, then each of these 0.1 em points 
would correspond to an increment of 300 volts, For any 
difference of potential, an infinite number of incre- 
‘mental points can be established. 

We said that in a uniform field, all the lines of force 
are alike, neglecting the fringe field, and therefore, 
points of different potential as established on one line 
of force are the same on the other lines of force. In 
other words. points of equal potential exist on each line. 
of force, and if we join these equipotential points, we 
develop a pattern of equipotential layers or surfaces, 
each of which may be identified numerically in practi- 
cal volts. In this example, shown in Fig. 
potential surfaces increase in steps of 30 volts from the 
zero-voltage reference point. A clearer representation 
of equipotential mapping of the field appears in Fig. 
2-12, from which the lines of force have heen omitted. 
From the viewpoint of information, the illustration in 
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Fic. 2-12 — Equipotential surfaces between two charged 
plates, neglecting the fringe fid. 












Fig. 2-12 furnishes just as much as Fig. 2-11. As stated 
before, the number of equipotential lines which can be 
set up is infinite, being determined only by the incre- 
ment selected. 

Let us analyze Figs. 2-11 and 2-12. Referring first to 
Fig. 2-11, take note of a very significant relationship— 
the equipotential surfaces cross the lines of force at 
it angles, Since the line of force is the path along 
which the electron would tend to travel, unless some 
other simultaneous force also is active (which is not 
the case in this example, because we assume the test 
electrons starting from rest ), it is possible to make the 
general statement that a charge tends to move across 
equipotential surfaces at right angles. The actual path 
is, of course, affected by the tendency of a particle to 
keep moving in a straight line. if it enters the field at 
high velocity. This is a very important condition to 
bear in mind, because in very many instances, espe- 
cially in electron lenses, the lines of force existing be- 
tween the charged surfaces do not form uniform fields, 
‘Consequently the equipotential surfaces are not paral- 
Jel, as they are in this simple configuration. Instead, 
they may be curved to varying degrees, and it is essen- 
tial that you understand this right-angle relationship 
in order to appreciate why the path of the electrons is 
such as to make them diverge or converge, depending 
"upon the type of curvature of the equipotential surface. 

Because of this basic condition, the simple equipoten- 
tial pattern of Fig. 2-12 furnishes much information. 
Obviously, the numerical identification of the potential 
levels is pertinent to the recognition of the direction of 
travel of the electron, although if only the polarity 
of the plates were given. it would serve the same pur- 
pose. This, however, is true only in the simple case of 
uniform fields. When the field is not uniform, the 
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polarity designation is insufficient, as is shown in 
2-13, wherein the pattern of Fig. 2-12 has been modi- 
fied by the addition of the equipotential surfaces within 
the fringe portion of the electrostatic field as shown in 
Fig. 2-5. (Observe that because the equipotential sur- 
faces are seen edgewise in the figure, they must neces- 
sarily be drawn as lines.) Compare Figs. 2-12 and 
2-13, especially the separation between the equipoten- 
tial surfaces in the uniform portion of the field, and in 
the nonuniform field at the boundaries of the plates. 
The difference is brought about by the fact that the 
cequipotential surface must cross the lines of force at 
right angles, and curvatures of the lines of force in the 
fringe field have varying 

‘Suppose, for example, that we imagine several elec- 
trons positioned at rest within the uniform portion of 
the field and indicate these in Fig. 2-13 by the small 
circles. How would these charges move? We know that. 
electrons normally advance from the point of low po- 
tential to the point of higher potential. This immedi- 
ately indicates the general direction of electron motion. 
Next, we observe that the equipotential lines between 
the plates are parallel to each other, and since the elec- 
trons would cross these lines at right angles, we know 
by simple geometry that the paths of the electrons 
would be parallel to each other as they advanced to- 
ward the upper plate, as indicated by the arrows. This. 
reasoning neglects any deviation in path due to mutual 
repulsion between the electrons. 

Examining Fig. 2-13 further, one might ask about 
possible motion of the electrons along an equipotential 
surface. Unless propelled that way, the electron would 
feel no force tending to pall it in that direction for the 
very simple reason that all points on an equipotential 














surface are at the same potential. If accelerated along a 
path which is parallel to the equipotential line, that is, 
perpendicular to the lines of force, the electron will 
advance in that direction, but it will still feel a force 
(the lines of force in the field) which will tend to make 
it cross the equipotential lines at right angles. How 
successful the electron may be in accomplishing the lat- 
ter depends entirely upon the relation of the forces, that. 
is, the accelerating force parallel to the equipotential 
surface and the force at right angles to it, along a line 
of force. The path that the electron would describe 
between the plates would result from the joint effect 
of these two forces. This will be discussed again later. 

Although the equipotential surfaces in Fig. 2-13 
are in the main parallel, it does not mean that such con- 
ditions prevail at all times regardless of everything 
‘else. In this case it is strictly a matter of a uniform field 
existing between the two parallel plates and a small 
fringe field. If the field is nonuniform, as for example 
in the case of differently shaped surfaces, shown in 
Fig. 2-14, the lines of force are not parallel ; conse- 
quently, the equipotential surfaces cannot be parallel 
to each other. In the final analysis, the relative config- 
uration of the equipotential surfaces is a function of 
the relative configuration of the field. 





Fio, 2-14. — Equipo- 
tential surfaces between 
dissimilar plates. Elec- 
trons tend to cross equi- 
potential surfaces pes 

and con- 
іме В. 





Referring to Fig. 2-14, one boundary surface or con- 
ducting plate is spherical, whereas the other is plane. 
‘These two are charged to a potential difference of 300 
volts and the pattern of the equipotential surfaces is as 
shown, In the vicinity of the curved surface, the lines 
are likewise curved, gradually straightening out as the 
plane surface is approached. In the vicinity of the plane 
surface, the equipotential surfaces run parallel to each 
other and to the surface. How will electrons behave in 
such a nonuniform field? 

Suppose we locate three electrons, a, b, and c, near. 
the curved surface. These electrons can be considered 
at rest. Because of the direction of the field, determined 
by the polarity of the charged surfaces, we know that 
the general direction of advance will be from plate 4 
toward plate B. Recalling the basic law that the charge 
will cross the equipotential line at a right angle, elec- 
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tron a will advance toward plate B along a curved 
path, determined by the curvature of the equipotential 
lines, and then will straighten out as it crosses the 
parallel equipotential lines. 

Electron P, being located at the center of the spheri- 
cal surface, will, by the symmetry of the configuration, 
traverse the space in a straight line, which, of course, 
crosses each surface of equipotential at right angles. 
Electron c, will, ike electron a, follow a curved path as 
it crosses the equipotential surfaces near the spherical 
surface, because these lines are curved and the right- 
angle relationship must be maintained 
straighten out as it crosses the parallel flat surfaces of 
'equipotential. Thus, three electrons located at three 
different positions at the spherical surface have been 
made to converge upon a plate which attracted them, It 
is readily understandable that if, instead of three elec- 
trons, we had many electrons positioned along the 
curved surface, all would progress to plate B in the 
manner described, and would strike at points which 
would be very close together. In a way, this is a focus- 
ing action, although more remains to be said. 

Referring once more to Fig. 2-14, itis interesting to 
note the relationship between the contour of the equi- 
potential lines and the resultant path of the electron. 
We have seen how a set of straight or plane equipoten- 
tial surfaces results in a straight-line advance of the 
electrons. Such movement of the electrons also can be 
described as being along parallel paths. In the illustra- 
tion in question, the equipotential surfaces, when 
viewed in the direction of advance of the electrons, are 
convex near the curved plate A, then gradually 
straighten out and become plane as plate B is ap- 
proached, In the region where the convex equipoten- 
tial surfaces exist, the electron motion at right angles 
to the equipotential lines causes them to converge and 
then follow a straight and parallel path as they cross 
the plane equipotential surfaces. 

Under the circumstances, it should not be difficult 
to visualize a change in the shape of the equipotential 
surfaces so as to make the electrons diverge instead of 
converge. Such a configuration is illustrated in Fig. 
2-15, Here are two charged plates, one curved, and the 











other a plane surface. When viewed in the direction of 
advance of the electrons through the field, the curved 
equipotential are concave, then gradually 
straighten out and become parallel. Following the basic 
law of electron motion across equipotential lines, the 
three electrons, a, b, and c, will diverge at the outset 
and then follow parallel paths, with the final result that 
when they arrive at plate B, they will be further apart 
than when they left the vicinity of surface A. 

In the commercial electron guns, which will be de- 
scribed later, the shape of the charge surfaces differs 
greatly from those which we have shown. This is un- 
important to us, as long as the shape of the equipoten- 
tial lines approaches the fundamental patterns we have 
illustrated. Regardless of how the equipotential sur- 
face» are obtained, the stated fundamental law of elec- 
tron advance through the surfaces will hold, There may 
‘occur slight modifications as a result of the existence of 
other forces, but it will not in any way invalidate what 
we have said concerning the basis of operation. 

Jt might be well to illustrate one more basic condi- 
tion before we examine the formation of the electron 
lens. It may prove helpful in more completely corre- 
lating the basic conditions with the result. In our ex- 
planation of the electrostatic field between the two 
charged plates, we illustrated a uniform field with 
parallel equipotential lines between them, (See Fig. 
2-12.) Let us now make an aperture in each of these 
plates at the center, as shown in Fig. 2-16, wherein 
each plate is a disc with a hole in the center, 








Fie, 2-16 — Equipo- 
tential surfaces between 
two disks, each having 
M at its cens 
ter, electron lens 
is formed. 





For the sake of simplicity in drawing, we show the 
pattern of equipotential surfaces rather than the lines 
of force. The interesting detail is that these equipoten- 
tial surfaces bulge through the holes causing some field 
to exist outside of its normal region. Therefore, there 
will be an effect upon the movement of the electron in 
limited areas outside of the plates, as well as in the 
space between them. If we imagine three electrons, a, 
b, and c. positioned to the left of the aperture in plate 
А, electrons a and c will be made to converge as they 
cross the convex equipotential lines which bulge 
through the opening in plate A, and will tend to cross 
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each other within the field between the two apertures, 
and then continue along a diverging path as they cross 
the concave equipotential lines which bulge through 
the opening in plate B. Electron b will continue in a 
straight path, because it is on the axis of symmetry and 
advances across each of the equipotential lines at right 
angles. 









electron lens system, It is similar in elementary fashion 
to the optical system shown in Fig. 2-17, wherein the 
three incident light rays, a, b, and c have been brought 
to a single point at F, which corresponds to the cross- 
over point in the space between plates A and B in Fig. 
2-16. While it is true that any set of curved equipoten- 
tial lines, like those in Figs. 2-14, 2-15, and 2-16, form 
the equivalent of a simple electron lens, because they 
refract (bend) the electron path — just as an optical 
lens refracts a light ray — the complete electron gun 
system is somewhat more elaborate. Based upon what 
has been said and what has been shown, it should not 
be too difficult to imagine the possibility of a combina- 
tion of charged bodies, such that any desired configura- 
tion of equipotential surfaces can be formed; in that 
way, the path of the electron can be determined and 
controlled. 








qure 218 Electronic eld between two charge cylin- 


With this in mind, let us examine Fig. 2-18 Here 
‘we have two metal cylinders symmetrically arranged 
along a single axis, or coaxially symmetrical. Both 
cylinders are made positive with respect to a common 
reference point, but cylinder B is at a higher positive 
potential than cylinder A, with the result that an elec- 


trostatic field exists between the two cylinders. A map 
or representation of the lines of force between the 
side surfaces of these two cylinders is shown. The pairs 
of letters indicate the start and end of each line of force 
and the arrow heads indicate the direction of action of 
tach line of force as being from the surface of lower po- 
tential to the surface of higher potential, the direction 
in which the line would exert force upon an electron. 

When we examine the illustration, certain condi- 
tions associated with the lines of force pattern come to 
light. The presentation does not permit a complete pic- 
ture of all the lines of force which fill the entire space 
within the two cylinders. Moreover, all the lines of 
force are active in the same direction ; consequently, 
they tend to repel each other. This condition results in 
flattening of the lines of force nearest the axis, At this 
point they tend to run along almost parallel paths. In 
general, the shape of the lines of force is such as to 
result in equipotential surfaces which assume three 
general forms — convex within cylinder 4, substan- 
tially plane in the zone where the edges of the two 
cylinders are near each other. and then concave in 
cylinder B, as shown in Fig. 2-19. 








Fic. 2-19. Equipotential surfaces resulting from electro- 
static feld shown in Fig. 2-18. 





As to the potential distribution within the field, this 
too is illustrated in connection with each equipotential 
line. Since cylinder A is at a fixed potential with re- 
spect to the reference point, the lowest equipotential 
line shown is that slightly higher than the potential of 
the cylinder with respect to the reference point. In like 
manner, the highest potential shown in cylinder B is 
that which approximates the potential of that cylinder 
with respect to the reference point. It would be pos- 
sible, if so desired, to illustrate the potential of each 
‘equipotential line in terms of the difference of potential 
between the two cylinders, in which case cylinder A 
would be considered as being at zero potential, and 
cylinder B at a positive potential with respect to A. The 
method used is, however, preferable, since it will con- 
form more closely with conditions existing in practice, 
namely that the potential of cylinder A, with respect to 
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the reference point, is also active in accelerating the 
electrons through the opening of the cylinder. 

Point X in 2-19 is a source of electrons, from 
which three electrons have been emitted at compara- 
tively slow velocity. One of these, b, advances along the 
axis X-Y, whereas the other two, a and с, also move 
forward, but at an angle with respect to the axis. As 
the three electrons, a, b, and c, advance from point X, 
they will feel two forces, One of these is the attractive 
force due to positive voltage applied to the two cylin- 
ders, which will urge them toward the cylinders; the 
second force will be that of the lines of force between 
the two cylinders, which is away from the inner surface 
of cylinder A, and toward the inner surface of cylinder 
B (Fig. 2-18). However, the electrons are not in the 
field of cylinder B long enough to he attracted to its 
inner surface, due to the velocity acquired under the in- 
fluence of the voltage on cylinder A as well as that on 
B. Moreover, since the normal path of the electrons is 
through the equipotential surfaces at right angles, and 
the point of highest potential is farthest removed from 
its starting point, the electron trajectories are diverg- 
ing as they cross the convex equipotential surfaces 
within cylinder A. and change to converging paths as. 
they enter the zone of concave equipotentíal lines. This. 
is shown by the dotted lines. Once within this zone, ie 
degree of convergence gradually decreases, but 
the curvature of the fcld has already established the 
main path, the electrons emerge from the field of cylin- 
der B, along approaching paths, and come to a point at 
some predetermined distance from cylinder B. Al- 
though three electrons is an extremely small quantity 
compared to the actual numbers of electrons in a prac- 
tical beam, the focusing action and beam formation, 
when great numbers of clectrons enter the focusi 
field, remain the same. 


Practical Electrostatic Focusing System 

If we put together the results derived from the dis- 
cussion so far, we can obtain a typical electrostatic 
focusing system of the dual-lens variety. This is shown 
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in Fig. 2-20. Element K is the electron-emitting cath- 
‘ode surface. Surrounding this element is the control 
grid. CG, which has an opening facing the emitting 
surface. Further along, and coaxial with the control 
grid electrode, is the first, or focusing anode A,; 
next in sequence, likewise coaxial, is the second, or 
accelerating anode ly. By application of the proper 
operating voltages, the control grid is made negat 
with respect to the cathode, and likewise with respect 

anode 1, This anode, on the other hand, is negative 
respect to anode 2, since the voltage on the latter. 
electrode is higher. relative to a common reference 
point. 

‘Such a system, while not duplicated exactly in every 
electrostatic-focusing electron gun, is sufficiently typi- 
cal to be usable as an example. Two electron lenses are 
formed by this assembly. The first lens, or cathode lens, 
consists of the field between the control grid and anode 
1; whereas, the second lens is formed by the field exist 
ing between the surfaces of anodes 1 and 2. The sim 
larity between the structure of the first ens, especially 
the bulging of the field through the apertures, and the 
parallel disks with holes in them (shown in Fig. 2-16), 
is very marked. 

Inasmuch as this discussion of electron guns de- 
scribes only the focusing action involved, the present 
explanation will be restricted to generalities concern- 
ing those principles. Accordingly, the first lens — the 
cathode Jens — performs a specific function, It may 
be called the first focusing lens, because it tends to 
focus the bundle of electrons which pass through the 
grid aperture, but its main function is to produce a 
bundle of electron rays of minimum diameter, which 
becomes the object of focusing the system. This is the 
first cross-over point and it is this point which is 
finally imaged on the screen, Whatever may be the 
dimensions of the first cross-over point, as determined 
by the action of the control grid and the first anode 
voltage, those are the dimensions of the beam when it 
is properly focused by the second lens and strikes the 
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Based upon what has been said, itis not difficult to 


see that any condition which will alter the distribution ^ 


of the field in the first lens, such as a change in the 
voltage applied to the control grid or to anode 1, will 
have an effect on the dimensions of the first cross-over 
point, It will also affect the angle of divergence at 
which the electron beam leaves the cross-over point 
and, to a limited extent, the position of the first cross- 
over. This statement is not made to indicate that these 
voltages must remain static and once adjusted may not 
be changed. It i» simply a statement of the action of 
this field, which, as you will see later, was productive 
of certain problems and caused such changes in gun 
design as tended to eliminate undesirable effects. 
While it is assumed that the emitted electrons are 
formed into a tight bundle in the cathode lens, there are 
nevertheless fringe electrons, because all do not ad- 
vance at the same velocity, and are not equally affected 
by the lens. Moreover, all of the electrons which are 
pulled through the control-grid aperture are not tightly 
packed. Finally, the operation of the first lens system, 
‘even under ideal conditions, may not produce a first. 
‘cross-over point of the desired small diameter, so that 
baffles are contained in the electrodes of this lens to 
mask off the fringe electrons and to aid in the develop- 
ment of a dense beam of small cross-sectional area. 
Further control of the beam width takes place within 
the confines of the first anode through the use of the 
apertured baffles, 2 and 3. This area, however, is 
considered to be free of field, so that whatever the path 
of the electrons may be, as they pass the vicinity of the 
first aperture 1 in anode 1, that path is maintained 
and they travel in diverging lines until they reach the 
principal focusing region, or lens 2. This is the space 














Zworykin, V. K, Moron, G. A. etol “Electron Optics and 
Electron Mi 35:5, John Wiley and Sons, 


i 
A, and Valley, G. f», “Cathode 
Hea il Bose Co, 





ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


Fic. 2-21.—Optical equivalent of elec- 
{omatic focusing system show in Fig. 
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where the anode 1 and anode 2 cylinders face each 
other. 

Here the diverging paths of the electrons continue 
for a short distance and then change to converging 
paths as they enter the right-hand half of the field, The 
curvature of the equipotential surfaces in this lens 
strictly a function of the ratio of voltages applied to 
these two cylinders, and a change in any one of these 
will influence the focusing. Since anode 1 is operated 
at the lower voltage, it is the one which generally is 
subjected to a change in voltage in order to alter the 
focal length of this lens. It must be understood that the 
focal length of this lens is variable, and when a change 
made, it is occasioned by one of two conditions. 
ther the position of the first cross-over point has 
changed, or some variation has occurred in the poten- 
tial distribution of the second lens. As long as the ratio 
of voltages remains the same on anodes 1 and 2, in any 
one system, its behavior as a focusing lens will remain 
unchanged. It is not the specific values of the voltages 
applied which develop certain contours for the equi- 
potential surfaces, but rather the ratio of the voltages. 
applied to the two coaxially symmetrical cylinders. A 
given ratio of diameters d,/d, for two such cylinders 
will, for given voltages V, and V, always produce the 
same distribution of potential, Under the circum- 
stances, the behavior of such a device as an electron 
lens always will be the same, since V',/V', can equal 
V/V", regardless of what the individual values of 
these voltages may be. 

‘The optical equivalent of such a typical electrostatic- 
focusing electron gun is shown in Fig. 2-21. Very little 
comment is necessary since the similarities of the two 
systems are quite evident. It might be well to mention, 
however, that contrary to what might be found in a 
projection system, the point source of light which’ is 
imaged on the screen is the cross-over point between 
the lenses, rather than the original source of light 
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whose rays are incident upon lens 1. If we imagine the 
principal focusing lens 2 maintained constant in posi- 
tion, a change in the location of the first cross-over 
point will alter the point where the rays issuing from 
Jens 2 will meet, In turn, if anything is done to alter the 
behavior of lens 2, that is, change its refractive index, 
the meeting point of the rays issuing from that lens 
may be ahead of or in back of the screen, rather than at 
the screen. Tn either of the first two cases, the image 
will not be accurately that of the object — it will be 
improperly focused. 


Review of Electrostatic Focusing 

For the individual who may be interested in a some- 
what more rigorous approach to the basis of electron 
lenses, the refraction of electrons in an electric field, 
the following is offered. Tt may he omitted by the per- 
son unfamiliar with mathematics without impairing 
the usefulness of the material which preceded it. An 
analysis based on the behavior of a single electron is 
valid for a beam of such charges. Consider for the 
moment the illustration shown in Fig. 2-22, 











Fic, 2-22—Refeaction of electron within electrostatic field 
bounded by 71,4, and MA, 





A-A, and Br-B, are two equipotential boundaries, 
separated by a small distance. The region to the left of 
A-A, is theoretically field-free (no lines of force), al- 
though at a potential of //;. The region to the right of 
BrBy is likewise assumed to be field-free, but at a 
potential of V». The potential gradient is in the direc- 
tion of V,; in other words, V, is more positive than 
V, and both are positive with respect to some point 
from which an electron, initially at rest, has started. 

The path of the electron as it advances toward 
A-A, is along O-P, where P is the point at which the 
electron crosses the equipotential surface A,-4y. The 
line Nj-N, is normal to this surface at point P, and 
is also the direction of the electrostatic line of force 
crossing the surface at this point. The velocity V, 











of the electron as it crosses 41,74, at point P may be re- 
solved into two components — a transverse compo- 
nent, v, sin 6,, and a longitudinal component, v, co; 
The former is perpendicular to the field normal, while 
the latter is parallel to the normal. Upon entering the 
field between the two equipotential boundaries, the 
charge will tend to advance in the direction of the field 
— that is, parallel to the field normal. This results in 
an increase in longitudinal velocity, now identified as 
тү сок бү. The transverse velocity, ve sin ôn, remains the 
same a» before. A new electron path, P-P,, is, there- 
fore, established within the space, this path being 
curved toward the normal, instead of the straight path 
P-P,. The electron then crosses the second equipoten- 
tial boundary surface, Fy-By into a field-free area and 
continues along the straight-line path, Py-Ps. This 
line is a continuation of the path of the electron as it 
crossed houndary B,-By into the field-free arca, 

The curving path taken by the electron in the space 
between the equipotential boundaries shows a differ- 
ence between the behavior of an electron lens and an 
optical lens. In the optical system, the refracted path 
of the light ray i» a straight line, caused by abrupt 
changes in the refractive indices of the transmitting 
media. In the electron lens, the refracted path of the 
electron is curved because there ís a progressive change 
in the refractive index ; this is due to the infinite num- 
ber of equipotential surfaces in a given field (in this 
case, between. 44, and. B-By). Consequently, the 
horizontal component of velocity increases gradually, 
as cach equipotential surface is crossed, 

‘The kinetic energy of a moving electron is propor- 
tional to the potential difference, so in the region V, 


it may be expressed as 























samme! = eV, (24) 
therefore. E 
7 (2-5) 
= m 


уе; (2-6) 
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The vertical component of velocity remains constant, 
thus 

vy sin 0, = vy sin Oy (27) 


and, substituting from equations (2-5) and (2-6), 
(2-8) 








Snell's law of optics for the path of a light ray travel- 
ing from one region of refractive index n, to another 
of index ns is shown in Fig. 2-23, where i is the angle 
of incidence and r is the angle of refraction and 

ini =m sinr. (29) 
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With angles 6, and 6, analagous to the angles of inci- 
dence and refraction in optics, and V and V, being 
considered the equivalent of the refractive indices m, 
and n, the similarity between the laws of electron op- 
tics and light optics is evident. 

In light optics, the greater the index of refraction of 
the medium through which the light ray is passing, the 
greater is the amount of bending of the light ray. In 
electron optics, the greater the increment of voltage 
between two points in the field being crossed by the 
electron, the greater will be the amount of bending of. 
the path. 

So much for the basis of electrostatic focusing. Al- 
though the physical structures of all electron guns 
which employ electrostatic focusing of the electron 
beam are not necessarily the same as the typical system 
illustrated in Fig. 2-20, the fundamental conditions of 
operation remain unaltered. The introduction of addi- 
tional elements for further control of the electrons ad- 
mitted into the focusing field, or the introduction of 
additional elements to increase the velocity of the elec- 
trons in the beam, does not change the basic laws of 
electrostatic focusing as described herein. No matter 
how the field is obtained, the basis of all electrostatic 
electron lenses is that a force acting on an electron, 
which is traveling through a field, is in a direction per- 
pendicular to the surfaces of equal potential and is pro- 
portional to the intensity of the field at every point. 


Electrostatic Deflection 

In line with what was said earlier about the action 
of the electron within the uniform field between two 
parallel plates, it should not be difficult to visualize the 
process of electrostatic deflection. In the system shown 

















Fic, 2-23—Deflection of elec- 
tron between two parallel plates, 


in Fig. 2-23, which, incidentally, is a reasonably close 
approach to present usage in cathode-ray tubes, the two 
plates. 4 and B, are parallel to each other and form a 
deflecting structure. A source of voltage sets up a dif- 
ference of potential between the two plates, which, for 
the sake of convenience, we will assume to be 300 volts, 
with plate A positive with respect to plate B. Since the 
plates are parallel, a uniform field is set up. This is so, 
regardless of the fact that both the field intensity and 
polarity may be temporary, and subject to a complete 
reversal or a change in value. All of this is incidental 
to the fundamental actions involved. An electron is 
propelled into the field along the axis X- 
angles to the lines of force, through which 
to advance at a substantially constant velocity. 

While in the feld, the electron is experiencin 
stant cross-wise force and, at the same time, it is ad- 
vvancing linearly through the field. The result is a para- 
bolic path while within the field — a path which re- 
sembles the trajectory of a bullet fired from a gun. The 
curvature of the path is in the direction dictated by the 
direction of the lines of force (the cross-wise force), 
and after the electron leaves the field, it continues in a 
straight line, as shown in Fig. 2-23, The angle of de- 
flection, 6, is that angle made between the path of the 
electron as it leaves the field and a line parallel to the 
axis of the system. 
The Angle of Defiection 

The angle of deflection, Ø, is proportional to the 
length of the field, that is the length of the deflecting 
plates, and to the ratio Ej/E,, where Ey is the differ- 
ence of potential between the plates and E, is the 











THE PRINCIPLES OF ELECTROSTATIC DEFLECTION AND FOCUSING 45 


accelerating voltage which propels the electron through 
the field. The basis for this relationship is easy to un- 
derstand. For апу one velocity of the electron as it is 
advancing longitudinally through the field, and for any 
one value of potential difference between the plates, the 
longer the plates, the longer is the time that the trans- 
verse field can act upon the electron so as to deflect it 
from its original path ; consequently, the greater will 
be the final angle of deflection, 

For any one dimension of the field and for any one 
longitudinal velocity of the electron through the field, 
the greater the potential difference between the plates, 
the higher the intensity of the field; consequently, the 
greater will be the force on the electron toward the 
positive plate while it is in the field, Since the velocity 
Of the electron as it is passing through the field is sub- 
stantially constant, the higher the potential difference 
between the plates, the greater will be the transverse 
displacement of the electron per unit time ; therefore, 
the greater will be the angle 6. 

Finally, the higher the longitudinal velocity of the 
electron through any one field of fixed dimension and 
of fixed difference of potential between plates, the 
greater will be the longitudinal displacement for a 
given amount of transverse displacement. The result 
is a decrease in the angle @ and in the deflection. Or, 
stated in another way, the higher the velocity of the 
electron, the shorter the time it will remain in the de- 
flecting field; consequently, the deflection will be 
smaller. 

The ultimate path of the electron through the field 
can be resolved into two components of motion, vs, 
which is the longitudinal velocity along the axis, and 
y, which is the velocity in the transverse direction 
under the influence of the field. These two combine to 
produce vs, the resultant path. 

‘As was already mentioned, the direction of the de- 
flection, which is indicated by the direction of curva- 
ture of the path, is a function of the direction of the 
field between the plates. The solid-line path in Fig. 
2-23 is for plate A positive with respect to plate B, with 
the resultant deflection toward plate A. If, however, 
the polarities were reversed, making plate B positive, 
the direction of curvature of the path would be toward 
plate B, since it would now be positive. This is shown 
by the long-dashed line in Fig. 2-23. Assuming that 
the difference of potential between the plates is the 
same, regardless of the relative polarity of the plates, 
the angle of deflection, 0, is the same for the two cases 
illustrated, If, for some reason associated with the 
source of the voltage which establishes the difference 
of potential between the plates (the deflecting voltage), 
a higher difference of potential will exist with plate 4 














positive with respect to plate B than when plate B is 
made positive with respect to plate A, then the deflec- 
tion angle will be different for the two cases. 

Since the deflection is proportional to the voltage 
applied across the plates, it is conceivable that the de- 
flecting voltage may be so great as to bend the path 
ау to cause the electron to strike the positive 
ite. thus preventing it from leaving the confines of 
the defecting area. This is shown by the short dashed 
line curve in Fig. 2-23. Obviously the same condition 
may exist for either. relative polarity of the plates. As 
we have mentioned earlier, the motion of the electron 
due to the transverse field is the result of hoth attrac- 
tion by the positively charged plate and repulsion by 
the negatively charged plate. 

The representation of the deflecting action in Fig. 
2-23 might be considered as a side view of deflection in 
the vertical plane — that is, upward and downward 
from the axis. Such orientation is strictly a matter of 
the orientation of the two deflecting plates. As seen, 
they are horizontal, but because the lines of force of 
the field always are perpendicular to the plane of the 
charged surfaces, and the deflection of the electron fol- 
lows the lines of force, deflection of the electron is at 
right angles to the plane of the deflecting plates. Thus, 
deflection plates which are oriented horizontally with 
respect to the earth produce vertical deflections, and 
deflecting plates which are oriented perpendicularly 
with respect to the earth produce deflections in the 
horizontal direction. However, the same principles 
apply to both. 

While it may be obvious, nevertheless it will do no 
harm to mention that if the difference of potential be- 
tween the plates is zero, due either to the complete 
absence of any voltage, or because the same voltage is 
applied to both, the path of the electron will be a 
straight line along the axis X-Y. 


Path of the Electron After Leaving the Field 

‘The path of the electron after leaving the deflecting 
field is а straight line, tangent to the path at the point 
where the electron leaves the field. The absence of cur- 
vature after leaving the field results from the natural 
tendency of moving bodies to follow a straight path un- 
less applied forces cause it to deviate. The transverse, 
or deflecting, component is now gone, and the electron 
advances unimpeded until it strikes a surface or object. 
which prevents it from going farther, 

It is not too much of a jump to imagine the single 
electron of Fig. 2-23 replaced by a stream of electrons, 
in which case the deflection of an electron beam wil 
conform to all of the conditions stated for the single 
electron. 

















CHAPTER 3 


PRINCIPLES OF ELECTROMAGNETIC DEFLECTION AND FOCUSING 


The fundamental phenomenon underlying the fo- 
cusing of electrons into a beam by means of electro- 
magnetic fields is the reaction between two magnetic 
fields, This may not be evident from a visual analysis. 
of the conditions of operation within the cathode-ray 
tube, but it is nevertheless true. One of these magnetic 
fields stems from the motion imparted to the emitted 
electrons which eventually form the electron beam. The 
creation of sucha magnetic field is a basic law of 
physics. The other field likewise is a natural phenom- 
enon, but its point of origin, physically speaking, is 
different, being the current which is made to flow 
through a focusing coil. The magnetic field within the 
core of this coil reacts upon the magnetic field sur- 
rounding the emitted electrons, which are made to pass 
through the opening in the core of the focusing coil. An 
idea of this relationship between the two elements of 
the system is shown in Fig. 3-1. 

The electrons are emitted from the gun which con- 
tains the cathode, the control grid, the screen grid, and 
the accelerating anode. After emission and partial con- 
centration of the beam by the creation of the first cross- 
over point, in the neighborhood of the control-grid 
vusly described in connection with 
electrostatic focusing, the electrons are accelerated to- 
ward the deflection area by the application of a posi- 
tive voltage on the accelerating anode. This element is 
hollow, and the electron stream passes through it, The 
electromagnetic focusing coil also is hollow and fits 
over the neck of the glass envelope. It is so positioned, 
relative to the electrodes within the tube, that the core. 
area of the focusing coil approximately embraces the 

















space, or a portion of the space, occupied by the accel- 
erating anode. 

The focusing voltage is applied to the focusing coil 
and the current in the winding establishes a uniform 
field within the core space, Since the magnetic field can 
penetrate the glass envelope, as well as the nonmag- 
netic metallic substances of which the accelerating 
anode is made, the entire space embraced by the core 
of the co filled with magnetic lines of force. It is 
through this field that the emitted stream of electrons 
is pulled by the accelerating anode. Since the moving. 
electrons are surrounded by a magnetic field of their 
‘own, the core space is filled by two magnetic fields, that 
due to the current through the focusing coil arid that 
due to the moving electron stream. Magnetic lines of 
force cannot cross each other, because if they did, the. 
field at the cross-over point would have two directions 
hence, the two fields interact and create just one field, 
which represents the combination of forces present in 
the two fields, and which is called a resultant field. 

The result of this interaction is control of the elec- 
trons in the stream, such that they follow a prescribed 
path established by the magnetic lines of force. As you 
Will see later, this is a helical, or corkscrew-shaped 
path, with the ultimate effect that the comparatively 
widely separated electrons in the stream are concen- 
trated into a beam as they leave the focusing coil and 
enter the deflection area. 

It might be well to mention in passing that electro- 
static focusing is not entirely absent in the electro- 
magnetically focused tube. We include this reference 
at this time, only because electrostatic action is implied 














PRINCIPLES OF ELECTROMAGNETIC DEFLECTION AND FOCUSING 47 


when we speak about a control-grid element as well as 
an accelerating anode being within the electron gun — 
especially since these are at different potentials. Pre- 
viously, we stressed the existence of an electrostatic 
field between any two points which are at different 
potentials; therefore, it stands to reason that in this 
case, too, there must be such a field. 

The contribution of this field, or for that matter the 
electrostatic field which exists in all tube structures 
where a screen-grid element is located between the 
control grid and the accelerating anode, is not great. 
The principal focusing is attained by means of the 
focusing coil ; nevertheless, we must recognize the ex- 
istence of the electric field, We might say that these 
electrostatic actions, which precede the electromagnetic 
focusing, make the latter easier to accomplish by tend- 
ing to confine the electron stream, as it comes within 
the influence of the magnetic field. 

As can be readily realized, the foregoing is a brief 
description of the over-all action, not an explanation 
of how the result is accomplished. It might be a satis- 
factory presentation to the individual with only a casual 
interest in cathode-ray tubes, but the person who will 
use the cathode-ray tube as a daily tool desires a more 
detailed analysis. 





Electromagnetic versus Electrostatic Focusing 

Both electrostatic and electromagnetic focusing 
methods accomplish the same end. However, while the 
results are the same, the methods differ. This may lead 
to the question, “Why electromagnetic focusing, if 
electrostatic focusing accomplishes the same thi 
The answer has many facets, a few of which shall be 
dealt with in brief. To begin with, many things can be 
accomplished in two ways, so that the existence of two 
methods of focusing is in itself not surprising. More- 
over, each of these methods has its advantages and dis- 
advantages and it is simply a case of utilizing that 
which best fits the need. 

Electromagnetic focusing affords the advantage of 
simpler tube construction. If you will compare the ele- 
mentary presentations of the electron guns shown in 
Figs. 2-2 and 2-3, you will note that the gun used in 
the magnetic type of tube has fewer elements ; the mul- 
tiple focusing electrodes used in the electrostatic gun 
are omitted, Of course, the magnetic tube requires a 
focusing coil, which is not necessary in the electro- 
static type of tube, so that one might seem to offset the. 
saving in the other. 

Simplicity of tube construction, or the relative cost 
of the focusing electrodes in one case and the focusing 
coil in the other, are not the only factors to be consid- 











ered. The electrical factors relating to voltage and cur- 
rent also require attention. It is generally said that 
“current is cheaper than voltage”, by which is meant 
that the cost of the device which will provide a high 
voltage at low current is generally greater than the 
cost of the device which will provide a comparatively 
high value of current at low voltage. Moreover, there 
are times when the control of a high voltage is fairly 
difficult. Evaluating all of the factors, we find that 
electrostatic focusing is preferable for one class of 
cathode-ray tube, whereas electromagnetic focusing is 
preferable for another. The former is the usual run of 
‘comparatively low-voltage cathode-ray tubes used in 
laboratory and maintenance applications as well as the 
small-screen television receivers. On the other hand, 
electromagnetic focusing is found preferable for the 
high-intensity type of cathode-ray tubes where very 
high voltages are required for acceleration in order 
that the image on the screen be brilliant, In such cases, 
very high values of focusing voltage would be needed, 
and the control of these would be more difficult than 
the control of a high-current low-voltage focusing 
system, 

An advantage of the electromagnetic focusing type 
of tube is the reduced defocusing effect caused by the 
deflection process. This does not imply that all electro- 
static tubes suffer from this defect, for it is well known 
that sharply focused images are usually obtained with 
electrostatically focused tubes. As a matter of fact, both 
electromagnetic and electrostatically focused tubes 
suffer some defocusing in the deflection process; the 
effect is generally greater in the case of electrostatic 
focusing, but even then it is not always noticeable. 
Much of the correction is taken care of in the design of 
the tube. 

The line of demarcation between the different classes 
of service to which these two focusing methods are put 
is not as fine as might be gathered from what has been 
said. We have generalized, and it is not surprising that 
both types of focusing will be found in systems which 
make use of tubes of different dimensions for different 
purposes, 

Toa limited extent, the type of deflection has a bear- 
ing upon the type of focusing used; that is, a tube 
which is intended for electromagnetic deflection usu- 
ally will be of the electromagnetic focusing variety. We 
say usually, because itis not rare to find systems mak- 
ing use of tubes which have electrostatic focusing and 
electromagnetic deflection. 

‘One condition bears repetition, however, namely 
that laboratory and maintenance types of cathode-ray- 
tube equipments invariably have electrostatic focusing 
and defiection. 
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To explain how electromagnetic focusing is accom- 
plished in the cathode-ray tube, it might be well to 
begin at the elemental charge. This does not mean that 
wwe shall review every subject included in the general 
category of elementary electricity and magnetism. Such 
is not necessary, since the individual who has occasion 
to use the cathode-ray tube will have advanced suffi 
ciently in his studies of these subjects to be acquainted 
with the elementary facts. All we shall deal with are 
those facts which are pertinent to the attainment of our 
goal — an understanding of electromagnetic focusing 
and deflection. 


The Moving Charge 

When we examined electrostatic focusing in the pre- 
ceding chapter, we made clear that there existed an 
electrostatic or electric field around every individual 
charge. This field was shown to be an attribute of the 
charge; wherever the charge existed, the fied existed. 
Where equal numbers of unlike charges existed, the net 
external effect of the electric field around each charge 
was zero, but the fields nevertheless existed. Where a 
preponderance of any one kind of charge existed, ће 
field existed between these charges and an equal num- 
ber of opposite charges, which may have been close by 
or at a remote point. 

As it happened, we concerned ourselves at that time 
principally with charges at rest, or at least moving so 
slowly that they could be considered as being at rest. 
‘Whatever motion was associated with the redistribu- 
tion of charges, so as to establish a net electric field be- 
tween any two points, was viewed as being strictly 
temporary and a means to an end, It is, however, con- 
ceivable that failure to associate the moving charge 
with any other related phenomenon may have created 
the impression that only one kind of field is, and сап 
be, associated with the elemental charge — this being 
the electrostatic field when the charge is at rest. 

If such an impression does exist, a correction is re- 
quired, because the elemental charge may be associated 
with two types of fields. When it is at rest, the only 
field existing around itis the electric field. When itis in 
motion, two fields exist around it — the electric field, 
and a magnetic field which has come into being as a 
consequence of the motion of the charge. If such mo- 
tion ceases, the magnetic field disappears. But whether 
at rest or in motion, the electric field is always associ- 
ated with the charge. 

Two general classes of motion of the charge, and 
their corresponding magnetic fields, should here be 
mentioned. The charge, or charges, may move at a 
steady rate, in which case a constant magnetic field is 





developed; or the charges may move at a varying 
velocity, or alternate back and forth, which will pro- 
duce a changing or alternating field. If the character of 
the motion repeats itself at regular intervals, the mo- 
tion and the resulting field are said to be periodic, It is 
quite possible that a combination of a steady and an 
alternating current and field may occur ; in most cases, 
the effects of the two components may be considered 
separately. Both types of fields find application in 
cathode-ray tubes and will be dealt with at the appro- 
priate places in this text. 

‘The following is a condensed tabulation of the effects 





of electric and magnetic fields : 
Moving Moving 
Stationary Stationary (АС) (АС) 
Мартенс Electric Magnetic 
eld Field eld 
Will not act — Since each is an attri- 
stationary on stationary bute of the other, the 
electron. electron. two act on either sta- 
Will act on Will act on tionary electrons or 
electron in electron in electrons in motion, 
motion. motion. and will act upon a 
Will not act Will act on magnet. 


on magnet. magnet. 

The relationship among all the conditions pertaining 
to the electric and magnetic fields, around a charge in 
motion, is not expressed fully by these relatively few 
statements. Much more can be said, but since it is not 
necessary to do so at this time, we restrict the extent 
of the discussion in order to most effectively associate 
the pertinent ideas. 

If you are wondering why we did not mention the 
existence of the magnetic field during the explanation 
of electrostatic focusing, there is a simple explanation. 
The magnetic field plays no part in connection with 
electrostatic phenomena ; therefore, it did not justify 
reference. It is like speaking about magnetic fields 
when analyzing a filter system. The charges which are 
in motion within the elements of the filter are sur- 
rounded by a magnetic field, but the importance of this 
field with respect to the subject at hand is negligible; 
consequently, any mention of the magnetic effect while 
explaining filter action would, to say the least, need- 
lessly confuse the issue. The same applies to the com- 
ments concerning a magnetic field during the explana- 
tion of electrostatic focusing — since it would have 
‘added nothing of value to the discussion, it was omitted. 

Now the situation is different. We are interested in 
electromagnetic focusing and the magnetic field is im- 
portant. On the other hand, the electric field is of little 
consequence, and therefore, shall not be treated during 
the discussion of the magnetic effects of the moving 
charge, or current. 
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The Electromagnetic Efect 

That there is some effect when the electron moves, 
which is nonexistent when the electron is stationary, 
was discovered more than 120 years ago by the Danish 
physicist, Oersted. At the time, he had no conception 
of electrons. However, he discovered that when current 
was flowing through a wire which was in the proximity 
of a compass, certain conditions came into being which 
were capable of exerting a force upon the compass 
needle, so that its orientation was changed from that 
normally dictated by the existence of the earth's mag- 
netic field. He found that changing the direction of the 
current through the wire, by reversing the terminals of 
the voltage source, reoriented the compass needle ; see 
Fig. 3-2. 


Wek 


Fic, 3-2—Oersted's experiment illustrating effect of mag- 
netic held around current-carrying conductor. 


In both cases, he observed a very interesting condi- 
tion ; the compass needle tended to turn so that it was 
perpendicular to the wire, as shown in Fig. 3-2. More- 
Over, he noted that whatever was the phenomenon 
under observation, it had something to do with the 
poles of the compass needle, because the north pole was. 
"urged іп the opposite direction when the direction of 
the current was changed. The exact nature of the space 
around this current-carrying wire was not known, but 
it is not strange that it was recognized as a special con- 
dition akin to magnetism. 

By that time, many things relating to magnets and 
‘magnetism were known, although naturally not as 
much as developed later ; but the concept of poles had 
been advanced hundreds of years before. And since a 
similar rotational movement of the compass needle was 
possible by means of forces due to other magnets, it is 
‘not unreasonable that some association between electric 
current and magnetic effects should be suspected. Iden- 
tification of the condition of space about a current- 
carrying wire as a magnetic field, and its mapping by 
lines of force by Faraday, was yet to come. Whatever 
it was that the electric current brought into being, its 





effects were very much like those of the magnet. The 
discovery revealed that electric current could produce 
magnetic effects! 


The Magnetic Field 

Today we know that a wire which is carrying electric 
current is surrounded by a condition of space which the 
physicist calls a magnetic field ; the name no doubt is 
the result of an association of effects, those of the cur- 
rent being the same as those of a magnet, It is an area. 
in which forces exist, manifesting themselves in the 
same manner as the forces which exist around a 
magnet. 

If we view current as being charges in motion, then, 
as we said before, the electron in motion is surrounded 
by a magnetic field. Therefore, every segment of a wire 
in which current exists is surrounded by a magnetic 
field, because every segment of the wire has in it 
charges which are going through directed motion. 
However, it is very important to understand that the 
presence of a physical path — the wire — is incidental 
to the magnetic field which exists around the moving 
charge. It would exist just as readily if there were no 
physical conducting path, even if charges were moving. 
through a vacuum. Since physical paths for electron 
movement are commonplace, it might be well to assign 
the term “electron flow” to the directed motion of elec- 
trons in contra-distinction to the random motion of 
electrons in such a physical medium when it is not 
carrying a current’, 

Like an electrostatic feld, the magnetic field is in- 
tangible. It cannot be seen, and its presence is detected 
only by the effects it produces. Science has seen fit to 
develop a concept of the organization of such a field in 
terms of magnetic lines of force. Actually this concept 
was developed by Faraday, who envisioned the mag- 
netic forces acting along imaginary “lines of force”. If. 
the field around a current-carrying conductor were 
mapped, it would resemble the pattern shown in Fig. 
33A. 

Some very interesting and important observations 
can be made about these lines of magnetic force, You 
will recall that electrostatic lines of force were single 
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Fic, 3-3—Idealized concentric feld around current-carrying 
conductor (A), and actual effect on iron filings (B). 


they surround the charge as it moves, with the charge 
occupying the center of each loop. In other words, mag- 
netic lines of force are complete loops, and whatever 
magnetic force is felt in a magnetic field, is felt along a 
closed loop of force. 

Admittedly, a physical visualization of such loops of 
force is difficult, especially when we attempt to state 
Faraday's concept, wherein he viewed these loops, like 
the electrostatic lines, as behaving similar to stretched 
rubber bands, tending to make themselves as short as 
possible. The development of this concept, however, is 
secondary to the appreciation of the behavior of the 
magnetic loops, i.e., the conditions within such a field. 
A physical impression is not vital to the understanding 
of the actions, just as a physical impression of energy, 
which is invisible, is not essential to an appreciation of 

ts meaning and uses. So we simply accept the condi- 
tion that the space around a current-carrying wire, or 
around each moving charge, is filled with something 
which is capable of exerting a magnetic force, and, if 
plotted in direction, will appear as a group of closed, 
or continuous, loops. 

Understandably, Fig. 3-3A shows only part of the 
truth. In the first place, the loops of force around a cur- 
rent theoretically extend to infinity, although their 
presence is detectable only within comparatively short 
distances from their origin, because their intensity de- 
creases very rapidly. Moreover, we show what is the 
equivalent of the loops surrounding just a single seg- 
ment of the wire. Actually, such loops surround all the 
elements of the current, forming what might be con- 
sidered a series of concentric cylinders around the cur- 
rent. There are an infinite number of these cylinders 
ever, the limitations in drawing an infinite number of 
lines result in spaces between these lines, as seen in Fig. 
3-3A. While such spaces do not actually exist, they 
may be conveniently attributed to the fact that, like 
electrostatic lines of force, magnetic lines of force which 
have similar direction tend to repel each other, whereas 





those which have unlike direction tend to attract each 
other. 

The pattern formed by the lines of force can be made 
visible by a simple experiment, often performed in 
school laboratories. A wire is placed vertically through 
a level sheet of cardboard, and a heavy current is passed. 
through the wire. Iron filings are then scattered evenly 
over the cardboard. Inspection of the filings shows two 
things: first, that there is a tendency for them to fall 
near the wire, indicating that the magnetic field is more 
concentrated there than it is further away ; and second, 
that the individual filings fall so that their lengthwise 
dimensions lie on circles concentric with the wire, 
3-3B shows the results of the experiment, in which the 
circular pattern is unmistakable. If a compass is used 
to explore the region around the wire, the fact that the 
‘compass has a north pole and a south pole can be util- 
ized to determine whether or not there is a specific 
direction associated with the field. 


Direction of the Magnetic Field 

Every magnetic field has a direction of action associ- 
ated with each point in the field. Since it is impossible 
to conceive of a directionless force, if we remember that 
a magnetic field is a condition of space such that a force 
is exerted upon a magnetically active body, that force 
must have some direction. It is accepted practice to 
consider the forward direction of the force to be the 
direction in which a north magnetic pole tends to move. 

As in the case of the electrostatic field, the drawings 
of a magnetic field are simply maps showing only a few 
lines of force which indicate, at any point, the direction 
of magnetic force at that point. The strength, or in- 
tensity, of the field can be judged by the closeness of 
the lines of force ; the further apart they are, the weaker 
the field. 

In the case of the field around the conductor, the fact 
that the loops or lines of force are closed is quite evi- 
dent from the arrangement of the filings. 

The rule for determining the direction is an easy one. 
Grasp the wire with the left hand, the thumb pointing 
in the direction of electron motion, that is, toward the 
positive terminal of the current supply ; the fingers will 
then point in the direction of the concentric field sur- 
rounding the wire. 

Looking at Fig. 3-4A, let us examine the orientation. 
of a number of very small compass needles, imagined 
to be placed near the conductor. Eight points of indi- 
cation are selected. With respect to the line of travel 
of the moving charge, the magnetic loop has a constant 
direction of rotation around the line, but with respect. 
to the direction at any one point, every other point on 
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the loop has a. different direction. If we select two 
points, in this case two opposite compass needles, it i 
seen that they point in opposite directions. The direc- 
tion of action on the left side of the charge is the exact 
opposite of that on the right side of the charge. The 
direction of motion of the charge will naturally change 
the direction of action of the field as a whole, but will 
not alter the relation that opposite sides of the field will 
exert forces in opposite directions, This will become 
clear when we compare Figs. 3-4A and 3-4B. Just how 
this condition is used will become evident as the text 
unfolds, 








Fic. 3-4.—Effect of 
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The final item of importance relative to direction of 
action of the magnetic field around the moving charge 
is the general condition that the plane of the field is at 
right angles to the direction of motion of the charge. 
In the instance of the Oersted experiment, the conclu- 
sion was that each loop of magnetic force lies in a plane 
at right angles to the direction of the wire. Changing 
the direction of the current may have changed the 
direction of action of the loop of flux, but did not 
change its plane with respect to the direction of the 
conductor. Since we are speaking about current as the 
moving charge, we associate direction with the motion 
of the charge, rather than the direction of the con- 
ductor. 

‘Thus, three factors of direction affect the field 
around a charge. These are: (1) the direction of mo- 
tion of the charge ; (2) the direction of the line joining 
any selected point in the field to the path of the 
charge; and (3) the direction of the force at the se- 
lected point. All of these are mutually perpendicular, 
no matter what point in the field is selected. This is 
expressible in another way, viz; the plane of the mag- 
netic field is at right angles to the direction of move- 
ment of the charge, while the direction of the force 
exerted at any point along the magnetic line is tangen- 
tial to the line at that point. This is shown in Fig. 3-5, 
Which is taken, with some modifications, from Fig. 3-3. 





Fic. 3-5— Relationship of direction of current flow, plane 
‘of magnetic field, and direction of force due to magnetic feld. 


Arrows have been drawn, indicating the relationship 
described above. The dotted circle is included simply to 
show that the same condition exists all around the con- 
ductor. 


Distribution oí the Lines oí Force. 

The distribution of the lines of force in the magnetic 
feld is of special interest to us because in electromag- 
netic focusing, every effort is made to produce a spe- 
cial type of field, known as a uniform field, A uniform 
field is one wherein the intensity is the same at all 
points, or at least over that portion of space where the 
field is utilized. A further definition of a uniform field 
is one wherein the number of lines of force which 
thread a unit area, of say one square centimeter, will 
be the same everywhere in the field. 

At first glance, one might imagine that a uniform 
feld surrounds a single straight current-carrying con- 
ductor, simply because of the simplicity of the field. To 
one familiar with the convention in which field strength 
is indicated by the density with which lines of force are 
shown upon a drawing, it is immediately evident that 
the field shown in Fig. 3-3 is anything but uniform, 
The greatest concentration of lines of force exists in 
the immediate neighborhood of the conductor, and the 
density decreases as the distance from the conductor is 
increased. This indicates that the field strength is 
greatest close to the conductor and decreases as one 
moves away from the conductor. The field strength, 
H, in the case of such a single conductor is expressed 
by the Biot-Savart law as follows : 


21. 
10r 
where I is the current in the conductor in amperes and. 
ris the distance, in centimeters, between the center of 
the conductor and the point of measurement. 











H =g steds (21) 
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‘The same field strength exists at corresponding dis- 
tances from the wire on all sides, provided that the 
angle, or orientation, of the plane of the test area with 
respect to the plane of the field, is the same. At all such 
locations, the same number of lines of force would 
thread the area. This is shown in Fig. 3-6A, in which 
two test areas, A and B, are equidistant from the con- 
ductor on opposite sides of the field. In the illustration, 
three lines of force thread each area. This number is 
purely illustrative and has no actual significance with 
respect to the magnitude of current in the wire. In Fig. 
3-6В we have changed the position of test area B. The 
fact that it is on the same side of the field as test area 
has no meaning; the important condition is that in 
being located closer to the conductor, more lines of 
force thread through it than thread through test area 
A. This indicates the nonuniformity of the field. 
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Fic, 3-6—Nonuniform magnetic field around current-carry- 
Ing conductor. Number of lines of force cutting identical test 
areas are equal in (A), unequal in (B). 


‘The significance of such a condition is manifold, al- 
though for our purpose we need consider but a single 
effect, this being the difference in magnitude of force 
ferent positions in a field of this type. Obviously, 
if some object susceptible to magnetic forces were 
placed at different points in the field, it would feel 
forces of varying magnitudes, and if this object were 
‘caused to move under the influence of these forces, the 
character of motion’ would be a variable determined by 
the changing amounts of force that it would experience 
as its position in the field changed. 

How the electron behaves when projected into a 
‘magnetic field will be described later, but for the pres- 
ent you can accept the statement that if an electron 
were caused to move through the field so as to cut 
across the lines of force, the behavior of that electron 
would not be that which is desired, simply because the 
forces it would experience would not be constant in 
magnitude. 

‘As a comparison with what is shown in Figs. 3-6A 
and B, we illustrate in Fig. 3-7 the uniform magnetic 
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field which exists between the poles of a horseshoe 
magnet, No matter where the unit test area may be 
located within this field, just so long as it is similarly 
oriented with respect to the lines of force, it will be 
threaded by equal numbers of lines, In view of the con- 
dition stated earlier, namely that electromagnetic 
focusing demands the action of a uniform field, the 
reference to a magnet may create the impression that 
permanent magnets are used for focusing. That is not 
correct. The aim is to produce a uniform field, but by 
making use of some form or configuration of a cur- 
rent-carrying conductor. 

It is possible that the straight lines in Fig. 3-7 repre- 
senting the magnetic lines of force and the loops shown 
in preceding illustrations may cause some confusion in 
your mind. There is no conflict between these two 
illustrations and what was said earlier about magnetic 
lines of force being complete loops, Such is the case, 
‘except that any very short segment of a circle can be 
viewed as a straight line, just as a small part of the 
earth's surface may be considered fiat, while the whole 
earth is a globe. Each of the straight lines in Fig. 3-7 
is really a part of a complete loop of force, the re- 
mainder of the loop threading its way through the 
magnet proper. In like manner, when we speak about 
lines of force threading the test areas in Figs. 3-6A and 
B, we are speaking about those segments of the loops 
of force which thread the area. 


The Loop 

If we change the configuration of the straight cur- 
rent-carrying conductor so that it is bent into a single- 
turn loop, a major change is made in the shape of the 
magnetic field which surrounds it. The concentric 
circles of force around the straight conductor now are 
changed to what might be described as elliptical loops, 
as shown in Fig. 3-8. Moreover, they become more 
crowded inside the loop than on the outside, Under 
the circumstances, the intensity of the field is greater in 
the space within the loop than in the space outside of 
the loop, for, as we said earlier, the intensity is a func- 
tion of the number of lines of force which thread a unit 
area, If the lines are more crowded inside the loop, 
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__ Fic. 3-8.— Magnetic feld around single-turn current-carry- 
ing loop. 


more of them will thread a unit test area than would 
thread the same unit area if it were located outside of. 
the loop. 

The magnitude of the field within such a loop of wire 
is expressed by the equation 

H= Zal, corsteds (32) 
3.1416 and n = the number of turns, which, 
in this case, is equal to 1. The current I is in amperes, 
and r is the radius of the loop in centimeters. 

It might be well if we stressed the fact that the 
portion of the fied which is of interest to us is that 
located inside the loop. Since we must of necessity 
speak about what exists outside as well as inside the 
Joop, the focal point of interest does not become evi- 
dent unless it is pointed out. 

In reference to the current-carrying loop shown in 
Fig. 3-8, several pertinent comments are necessary. 
First is the fact that the direction of each loop of force 
still follows the basic laws expressed in connection 
with the straight conductor — the direction of each loop 
is in accordance with the left-hand law. The second 
condition is that while we have shown loops of force 
crossing each other, actually they do mo suck thing. In 
„this respect magnetic loops of force are like electric 
lines of force. They will react upon one another and 
produce a resultant field, but they will not cross each 
other, for if they did, the magnetic force at the point of 
intersection would have two directions, an impossible 
condition, 





Coiling the straight wire into a loop has not changed 
the relationship between the planes of the conductor 
‘and the plane of the field. As can be seen, the two are 
at right angles to each other at any point, and the 
direction of the force associated with each line also 
remains, as before, tangential to the line. Finally, 
single-turn current-carrying loop does not produce a 
uniform field, although as a consequence of limited 
space within the loop and virtually unlimited space 
outside the loop, greater concentration of the lines of 
force exists within the loop. Thus we have taken a step 
toward the attainment of the desired type of field, 


‘The Solenoid 

‘A further development of the uniform field, by 
means of a current-carrying conductor, is the use of 
more than a single turn in the coil. This leads to the 
solenoid, or coil consisting of numerous turns, either 
ina single layer or in many layers. An example of such 
a coil using a single layer is shown in Fig. 3-9. Each 








pin 
layer solenoid, 





turn of the coil carries current, and therefore has a field 
of its own. By virtue of the positioning of the turns, 
these fields unite with each other and develop a re- 
sultant field through and around the solenoid. The pat- 
tern of the field is as shown, and corresponds in gen- 
eral to the pattern of the field existing around a bar 
magnet. In fact, such a solenoid is the equivalent of an 
electromagnet, in that it has its magnetic poles at each 
end, which are linked by loops of magnetic force. The 
magnetic polarity of the coil is determined by the direc- 
tion of the current through the conductor, as follow: 
Grasp the coil with the left hand so that the fingers 
point in the direction of motion of electrons in the wire. 
The thumb then points to the north pole of the coil, 
where the loops of force leave it, to pass outside and 
re-enter the solenoid at the south pole. The similarity 
in magnetic fied patterns around a solenoid and a bar 
magnet can be seen by comparing Figs. 3-9 and 3-10. 
In every respect, the electromagnet formed by the 
solenoid can be made to behave like the bar magnet 
and, while current is flowing through the coil, it will 
display all the properties of the bar magnet. 
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Fic. 3-10.— Magnetic. 
feld around bar mag- 





Many comments are possible concerning the field 
surrounding such a coil, but once again we are inter- 
ested chiefiy in the configuration of the field with re- 
spect to uniformity of distribution. In this respect the 
main point of i the condition inside the coil ; 
in fact, it is this condition which dictates the use of 
many turns, We have in mind the uniform feld, which 
is developed inside the core space of the coil. As in the 
case of the magnet, the path of each magnetic loop is 
partly through the magnet and partly through the 
space surrounding the magnet. The same is true of the 
solenoid; a part of the path of the loops of force is 
the space within the coil, and the remainder is com- 
pleted in the space outside the coil. 

Although the field exists outside, its utility from the 
viewpoint of electromagnetic focusing is negligible. If 
anything. it may, under some conditions, be found de- 
sirable to confine it by magnetic shielding. However, 
insofar as this discussion is concerned, the field inside 
the coil is the important one. The greatest field uni- 
formity exists at the center of the coil, and, as you can 
see, the lines are straight over a reasonably long por- 
tion of the coil length. Some curvature develops at the 
extreme ends of the coil, and it becomes a matter of 
proper coil design to make a uniform field available. 












Fic, 1-11. — Approxi- 
mate uniform feld with 


In the case of the single-layer coil, this calls for a high 
ratio of length to diameter. 

Since coils which are thin and long may not be easy 
to handle, a modification of physical design is em- 
ployed which makes for a more convenient winding, 
yet provides a uniform field with which to work. This 
is the multi-layer winding of sufficient length so that 
a substantially uniform field exists within an appre- 
ciable portion of the core length, as shown in Fig. 3-11. 
By utilizing the forces present over that portion of the 
field, within the core, which is made up of straight 
lines, the nonuniformity of the field in the neighbor- 
hood of the core openings can be neglected. 











(A) в 


Fic. 3-12—Uniform field within core of multi-layer coil 
(A) and horseshoe magnet (B). Direction of lines within 
core of cuil is the same as direction of lines within magnet, but 
‘opposite to those in gap between poles. 


Looking at the multi-layer coil as an electromagnet, 
it, ike the single-layer coil, has its magnetic poles, and 
in this respect is no different from a conventional bar 
magnet. Therefore, the field within the core of the coil 
is the equivalent of the field which exists within the 
body of the bar magnet. We can stretch this equiva- 
lence a bit farther ; assuming that we bend a bar mag- 
net into a horseshoe shape, the field between the pole 
pieces corresponds to the field within the core of the 
coil, as shown in Figs. 3-12A and 3-12B. Since it is 
impossible to distinguish any difference in the charac- 
ter of magnetic lines of force issuing from a bar magnet 
or from an electromagnetic system, we can visualize 
the lines of force between the dotted lines in Fig, 3-12B 
as being those present between the south and north 
poles of a horseshoe magnet. In other words, the multi- 
layer coil gives a strong, uniform, magnetic field to 
work with. 








Interaction Between Magnetic Fields 
A few remarks have been made previously about the 
manner of interaction between magnetic fields, Before 
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illustrating the mode of interaction, it might be well 
to say a few words about the behaviour of magnetic 
lines of force. These comments could have been made 
earlier, since examples of the resultant have been 
given, as in Figs. 3-9, 3-11, and 3-12, but they fit better 
here. 

‘The magnetic loop of force might, in some respects. 
be compared to a stretched rubber band; the band, 
being under tension, tends to shorten itself. The same 
is true of the magnetic line of force, but this is about 
the limit to which we can go in making the comparison. 
From this point on, we must treat the loop of force by 
itself. 
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Fic. 3-13.— Component and resultant vector representations. 


It is understandable that more than one force may 
exist at one time and, further, that each of these may 
be active in a different direction. For example, in Fig. 
3-13 are shown several vector presentations of differ- 
ent forces, F1 and F2, of different magnitude and di- 
rection, and the resultant force F3. In each case, the 
resultant has a direction and a magnitude which is 
determined by the individual directions and magni 
tudes of the component forces. Where the forces are 
equal in magnitude and exactly opposite in direction, 
as in Fig. 3-13C, the resultant force is zero. Where 
the forces are active in the same direction, the resultant 
is the sum of the two, and is obtained by making the 
origin of one vector coincident with the head of the 
other vector ; the sum is the new vector which extends 
from the origin of the first vector to the head of the 
second vector, as shown in Fig. 3-13F. 

It is possible in similar fashion to show, point by 
point, the resultant of two magnetic fields, inasmuch 
as every point in a field represents a certain magnitude 
as well as direction of force. In other words, points in 








a magnetic field may be stronger or weaker than other 
points in the same over-all field and will have a re- 
sultant direction which is determined by the compo- 
nents. At some points, the forces may aid each other, 
and at other points they may oppose each other. At 
every point, however, the ultimate pattern of two fields, 
which may be due to two different currents, will be the 
resultant, and there will be such rearrangement of the 
lines of force that at any one point in the field, each 
line has but one direction. 

The rearrangement is, of course, a condition which 
is associated with the behavior of the lines of force. 
We said that they will tend to shorten themselves 
along their length, and, again like the electrostatic 
line» f force, a magnetic line of force will seem to 
repel another line of force which has the same direc- 
tion. Herein lies the reason for the so-called greater 
separation between lines of force existing outside a 
Joop or solenoid than prevails inside the Joop. More- 
over, the straight-line field within the core of a sole- 
noid or a multi-layer coil is due to the mutual repul- 
sion between the lines (all of which have the same 
direction) on all sides of the lines. Tt is the same condi- 
tion which makes for the straight lines of electrostatic 
force between two large. closely spaced, parallel plates. 

Obviously, where the forces in a field aid each othe 
the magnitude of the field intensity is greater than in 
areas where the forces tend to cancel or offset each 
other's effects. In accordance with common practice, 
illustration of such a condition is by means of the 
density of the lines of force. 
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Fig. 3-14 shows the patterns of the resultant field 
around two conductors, in which the currents are flow- 
ing in the same direction (out of the page). In the case 
of the two wires which are carrying equal currents in 
the same direction, the direction of the magnetic loops 
is such that they are opposite on the sides which face 
each other and are advancing in a constant direction of 
rotation, on the two outsides. The net result is that the 
fields on the inside tend to offset each other, thus pro- 
ducing a weaker field between the wires, and effec- 
tively causing the fields on the outside to strengthen 
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‘each other. Consequently, there is a concentration of 
lines of force on the outside with respect to the reduc- 
tion of lines of force between the wires. This statement 
does not imply that more lines of force exist on the 
outside of the wire than between the wires ; equal num- 
bers of lines exist on both sides. It simply means that 
the intensity of the field is greater on the sides which 
аге opposite (outside) than on the sides of the wire 
which face each other. 

Such a condition gives rise to the physical effects of. 
the force. In this case, that is, when the currents are in 
the same direction, the two wires tend to move toward 
cach other. One explanation can be that the action is 
from the stronger field toward the weaker field. The 
field is stronger on the outside than between the wires ; 
therefore, the wires move toward each other. A second 
‘explanation involves the previous statement that mag- 
netic lines of force will tend to shorten themselves 
along their length. Such is possible if the two wires 
move toward each other. The third explanation is that 











to зо position themselves that they will include the 
greatest number of lines of force common to both. This 
is accomplished if the two wires move closer together. 

In the case of two wires which are carrying currents 
in opposite directions, the direction of the facing mag- 
netic lines within the space between the wires is the 
same, whereas the lines of force on the outside are in 





opposite directions. This is show 3-15, Due. 
to the basic law that lines of force of like direction repel 
cach other, a force of repulsion exists between the 
facing lines, and this is transmitted to the conductors 
as a whole and tends to move them apart. On the other. 
hand, the magnetic loops which advance in opposite 
directions will produce resultant fields which will be 
weaker on the outside than on the inside. Conse- 
quently, the repelling force issuing from the field be- 
tween the wires will experience no opposition in mov- 
ing the two wires apart. 

The purpose of showing the action between the fields 
surrounding two current-carrying conductors is use- 
ful, although neither the focusing nor the deflection 
phenomenon in an electromagnetic type of cathode- 
ray tube involves the motion of a current-carrying con- 
ductor. The reason behind this presentation is to show 
the manner in which two magnetic fields may combine 
to produce a strengthened part and a weakened part of 
the field. And, building upon this, to show how, when 
such a situation prevails, physical motion can be de- 
veloped. In this connection it is important to bear in 
mind that motion on the part of the conductors is the 
result of forces applied to the moving charges in these. 
conductors. If you could envision the currents in the 




















two wires of Figs. 3-14 and 3-15 as being streams of 
electrons which did not have metallic conducting paths, 
their physical behavior would be the same as that of 
the wires. The motion of the wire as a whole is nothing 
more than a physical manifestation of the magnetic 
forces being applied to the moving charge. 

Moreover, as far ay the combination of magnetic 
fields is concerned, the general sense of what has been 
shown is applicable, if the individual fields are of dif- 
ferent character — that is, if one is uniform and the 
other is nonuniform. For example, Fig. 3-16 shows 
a uniform field, the origin of which is not of immedi- 
ate concern, but which has a direction as indicated, 
Located in this field is a current-carrying wire, which 
is so oriented as to be at right angles to the lines of 
force. Thus two fields are active in the area, the fixed 
uniform field and the circular field due to the moving 
charges in the wire. The individual fields, as each 
would be if the other were not present, are shown in 
Fig. 3-16A, and the resultant field is shown in Fig 
3-168. 








Fic 3-16 Current-carrying conductor i uniform magnetic 
field. Individual cid appear in (A), while resultant eld and 
Sotien are shown ia (B37 


Examining the individual fields (Fig. 3-16A), we 
note that the direction of the lines of force in the uni- 
form field and those around the wire, due to the cur- 
rent in the wire, are the same above the wire and op- 
posite below the wire. The field above the wire is 
thereby strengthened and the field below the wire is 
weakened, as shown in Fig. 3-16B. In accordance with 
the laws previously stated, the wire as a whole will 
feel a force tending to push it downward, as indicated 
by the arrow. 
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If the current through the wire is reversed in direc- 
tion, the relative positions of the strengthened and 
weakened parts of the combined field will be reversed, 
and the wire as a whole will feel a force tending to push 
it upward. In either case the direction of the force, 
and therefore the motion, experienced by the conductor 
the combined field is perpendicular to both the mo- 
tion of the charges and the direction of the field. 

As you will see later, this action is the basis of elec- 
tromagnetic deflection of the electron beam in the 
cathode-ray tube. The action described above should 
not he too difficult to recognize as being deflection ; all 
‘we need do is to visualize the conductor as a stream of. 
moving charges without benefit of a wire as the con- 
fining boundary. 


‘Motion of the Electron in a Uniform Magnetic Field 

It is conceivable that an electron may be propelled 
into a uniform field from various directions. It may 
enter the field at right angles to the lines of force, paral- 
lel to the lines of force, or at some intermediate angle 
between 0° and 90° with respect to the lines of force. 
We have already gathered some impression of what 
happens when the direction of the moving charge (in a 
wire) isat right angles to the line of force. 

Let us replace the conductor with an electron which 
is propelled into the field at right angles to the lines of 
force, and along an axis X-¥'. This is shown in Fig. 
3-17 as a view in which we are looking along the lines 








Fic, 3-17.— Deflection of electron projected into short, uni- 
form, magnetic feld. 


of force into the page. We will assume that whatever 
projects the electron into the field is active in causing 
it to traverse the field, which is comparatively short. 
We know that an attribute of the motion of the charge 
is a magnetic field which surrounds the moving charge, 
and if we assume the field to have the direction shown, 
the resultant field around the moving charge will be 
stronger above the moving charge and weaker below it. 
‘Therefore, a constant force tending to push the charge 
downward always will be present, as long as the charge 


continues to move in the same direction within the 
field. 

It is important at this time to describe these forces 
in a general manner because of later needs. When we 
say that the charge will feel a force downward, it is an. 
expression of a specific direction under the specific 
conditions stated. A more general statement would be 
that the moving charge feels a force which is at right 
angles to its velocity and to the direction of the field. 
Because of the directions involved in this case, the 
force is downward. If the direction of the uniform 
field were the reverse of that shown, the resultant mo- 
tion would be upward. In either case, the meaning of 
downward or upward is with respect to the axis; since 
the electron is advancing forward through the field, 
the change from its path, the axis X-Y along which it 
centered the field, is the equivalent of deflection of the 
moving charge. 

Hecanse the field is axially short and the electron 
velocity is high, the electron leaves the field and its 
influence shortly after entering it, and, when it does 
30, it travels along a new path, shown in Fig. 3-17. 
While in the field, the electron describes a curved path, 
but when it leaves the field, its path is a straight line 
toward the screen which it would eventually strike. 
The point on the sereen which this electron would 
strike with respect to the axis X-Y is a function of the 
angle of deflection at the outer edge of the field and 
the distance between the center of the field and the 
screen. Obviously, for any particular angle of deflec- 
tion, the greater the distance to the screen, the greater 
is the amount of displacement of the point where the 
electron strikes relative to the center of the screen. 
This, naturally, applies equally to deflection in any 
direction. 

If for the moment we assume that, instead of a single 
charge. a stream of electrons is shot into the field and 
the beam is stopped at a screen, the system as a whole 
corresponds in general to what takes place during elec- 
tromagnetic leflection in a cathode-ray tube, What we 
have illustrated is deflection in a limited direction — 
that is, upward and downward relative to the axis, but 
this limitation is purely a matter of system construc- 
tion. By suitable design of the system, simultaneous 
deflection vertically and horizontally can be attained, 
with such resultant motion of the electron beam as is 
determined by the relative intensities of the two fields 
which are acting in quadrature (at right angles to each 
other). 

This is illustrated in Figs. 3-18A, B, and C. In the 
first part of the illustration, an electromagnetic de- 
flecting assembly is shown, mounted around the neck 
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‘of the tube, The assembly consists of two pairs of 
windings, one pair for vertical deflection, and one pair 
for horizontal, The members of each pair are con- 
nected in series, and a magnetic field, proportional to 
the current in the windings, exists between the facing 
ends of each pair of coils. The axis of each pair of wind- 
ings intersects the axis along which the electron beam, 
shown by the heavy dot, advances through the tube. 
Thus, two magnetic fields occupy the space between 
the coils, and are at right angles to each other, as illus- 
trated in Fig. 3-18B. 

It is understood that lines of force cannot cross each 
other, so when we say that two fields exist in the space, 
we really mean that there is a single field which is the 
resultant of the two component fields. The direction of 
action of the resultant field is determined by the rela- 
tive intensities of the two fields, which in turn means 
the relative intensities of the currents flowing through 
these windings. When the electron stream passes 
through the field between the two pairs of windings, it 
deflected in a manner determined by the simultane- 
ous action of forces acting at right angles to each other, 
the four cases of which are shown in Fig. 3-18C. 

‘The magnitude and direction of the resultant force, 
Fs, which will deflect the electrons is, as has been stated 

ier, a function of the relative intensities of the field 
strengths, or magnetic forces, of F, and Fa; in this 
application, the fields are always at right angles to each 
other. The coils which are oriented perpendicularly to 
the earth's surface produce a deflection at right angles 
to that orientation, or in the horizontal direction ; the 
coils which are positioned parallel to the earth's sur- 
face produce a deflection in the vertical direction. 
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By itself, each deflecting system would produce a 
deflection such as that shown in Fig. 3-17, which, for 
one, would he either upward or downward, and, for 
the other, either to the left or to the right. Depending 
upon the manner of application of the tube, the deflect- 
ing system is used in quadrature. or in either of the two 
separate directions, Examples of both will be shown 
later. 


Factors Which Determine the Path of the Electron 
1n a Uniform Field 

For the individual who may be interested in the 
mathematics of the motion of the electron in the field 
shown in Fig. 3-17, the following is offered. 

An electron, having mass m and charge e, enters a 
uniform magnetic field H at a velocity v, and at an 
angle @ with the field. The force on the electron is 


f= eH (sing) (33) 


If the radius of the curved path described by the elec- 
tron is», then the equation of motion is 





s Sn £)* — (Hv sind) (34) 
or the centrifugal force on the electron equals the force 
produced by the field, and the radius. 

= (0 sin8)* _ m(v sin 

tes up. 69 
Since sin 90° = 1 

= (36) 
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The quantities m, v, e, and H are constant, therefore 
the radius r is constant. 

If we interpret these factors into magnitude of de- 
flection, then it is evident that : (1) the lower the veloc- 
ity of the electron per unit field strength, the smaller 
the radius and hence the greater will be the amount of 
deflection ; (2) the greater the intensity of the field for 
any one velocity of the electron, the smaller will be the 
radius, hence the greater will be the deflection ;and (3) 
the longer the time spent within the field (which con- 
dition is related inversely to the velocity of the electron 
and in proportion to the axial length of the field), the 
greater will be the deflection, 


Circular Motion of the Electron. 

Let us assume that the electron is projected into a 
Jong field at right angles to the lines of force, instead 
of into a short-axial magnetic field. From what was 
said before, we know that the electron will experience 
a constant force which is acting perpendicularly to the 
direction of motion. Since the electron remains in the 
field, and at every point feels this constant force, the 
path becomes a circle, as shown in the two views of 
Figs. 3-19A and B. 











(A) FRONT VIEW j) SIDE VIEW 


Fic. 3-19.—Cireular motion of electron projected perpen- 
ry into uniform magnetic fied. 





‘The path of the electron, while describing the circle 
in Fig. 3-19A, is initially upward from the axis along 
which the charge entered the field. This is due to the 
relative directions of the field and moving charge. If 
either were reversed, the electron path would be in the 
opposite direction. In either case, the radius of the 
circle is determined by the same factors which con- 
trolled the radius of the curved path followed by the 
deflected electron in Fig. 3-17. 


Helical Motion of the Electron 

So far we have shown but one angular relationship 
between an electron projected into a uniform field and 
the field, that for 90°, Obviously, an electron may be 
projected into a field along a path which is parallel to 
the lines of the force — that is, at an angle of O° to the 





axis, or at any angle less than 90°. In the first case, the 
charge will feel no force and will continue to move in a 
straight line through the field as shown in Fig. 3-20. 

However, if the electron enters the field so that it 
crosses the lines of foree at some angle between 0° and 
90°, as shown in Fig. 3-21, a composite motion, partly 
Circular and partly linear, will result. Again the field is 
assumed to be substantially long. Upon entering the 
field, the electron velocity t; can be resolved into two 
componente, a component vy, which is at right angles 
to the field. and a component vy, which is parallel to the 
field. (See Fig. 3-13.) 














v E, 321 Vertical and 
inontal components. 
velocity of electron, having 
elit projec into 
uniform magnetic feld at 
angle #. 





We know that when the charge moves at right angles 
to the lines of force, a curved path is developed, and 
when it moves parallel to the lines of force, it will travel 
unaffected by such motion, So, as the consequence of 
the component v, (Fig. 3-21), the electron will, be- 
cause the field is exerting a deflecting force, attempt to 
describe the circular path. At the same time, the com- 
ponent v, is causing the electron to advance linearly 
through the field, so that what would be a circular path 
for the electron without the v, component now becomes 
a helical or corkscrew-shaped path as shown in Fig. 
3-22. Restating this condition, the combination of cir- 
cular and lincar motion produces the helical path. 

As in the case of the electron which described the 
circle in Fig. 3-19, the direction of rotation of the helix 
is determined by the relative directions of the advanc- 
ing electron and the lines of force in the stationary 
field. If we look in the direction of the lines of force 
(not necessarily in the forward direction of electron 
motion) the circular motion of the electron will be 
clockwise. From this, it follows that if the forward 
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motion of the electron is in the direction of the mag- 
netic field, the path will be an ordinary right-hand 
corkscrew. 


‘The radius of the turns is proportional to the velocity 
of the electron cutting across the field. For an electron 
coming absolutely straight along a line parallel to the 
direction of the field, there is no cross-wise component ; 
this means that the turn-radius is zero. In other words, 
there are no loops, and the motion continues in a 
straight line. For other electrons, not quite along the 
field direction, there will be some spiraling, and the 
greater the angle, the greater the loop size ; this is due 
to the fact that a greater angle between field and elec- 
tron path gives a greater transverse velocity com- 
ponent, 


Electromagnetic Focusing of the Electron Beam 

‘The action portrayed in Fig. 3-22 is the essence of 
electromagnetic focusing of emitted electrons into a 
concentrated beam. In the practical case, the stationary 
electromagnetic field may not be exactly as has been 
shown, The field may not be the long field we referred 
to; it may be short, axially, yet a similar corkscrew 
path will occur, and electrons issuing from a point and 
entering the field at different angles will be brought to 
a single point, or focus. 

In Fig. 3-23 is shown a short magnetic field which 
might exist in the core of a hollow focusing coil, The 
field within this space is uniform, although it need not 
be so to produce focusing action. Not all focusing coil 
structures are of the type shown ; some coils are sur- 
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Fic. 3-23.—Focusing of electron beam by uniform magnetic 
field within core of focus coil. = 


rounded by an electromagnetic shield which has a very 
narrow slit on the core side. The magnetic structure is 
unimportant, however, since fundamental principles 
are being discussed. The axis of the system is X-Y, 
and the point X also is assumed to be the origin of 
three electrons a, b, and c. At the extreme right is an 
imaginary screen which the electrons strike at the end 
of their path. 

‘One of these electrons b advances along the axis, 
and travels to point Y along a straight line, the axis of 
the system. Electron а penetrates the field at an angle 
to the lines of force ;after being acted upon by the mag- 
netic force, it emerges from the field and advances in a 
straight line toward the screen, where it meets elec- 
tron b In like manner electron c, which enters the field 
at the same angle as a but on the opposite side of the 
axis also completes a spiral path like that of electron a, 
and emerges from the field, continuing in a straight 
line toward the screen, where it meets electron a and 
bon the axis Y". Obviously, the straight-line path of the 
electron after it emerges from the field is determined 
by the spiral developed within the field. In this connec- 
tion we assume that the limits of the field are distinct 
and sharply defined. 

If we visualize point X along the axis as being an 
electron beam cross-over point, such as we have de- 
scribed in connection with the first focusing lens in the 
electrostatic focusing system, it stands to reason that 
many more than three electrons will leave it and ad- 
vance into the field at different forward directions. 
Also the angles formed by these initial velocities and 
the field will vary between 0° and some amount less 
than 90°. However, that which was shown to be the 
condition surrounding electrons a and c in Fig. 3-22 
will be found to be true in the case of any number 
of charges which enter the field at differing angles. 
Consequently, all the electrons which enter the field at 
angles greater than zero degrees, will go through spiral 
paths of such dimensions that they will converge upon 
a single point along the axis. By proper design of the 
focusing system, this point can be placed at any desired 
distance from the termination of the field. In our case 
it is upon the screen, 

If we view point X as the cross-over point, then the 
point at which the electrons in the beam are brought to 
a focus is the image of the cross-over point. It is im- 
portant to emphasize this, to dispose of the impression 
that the spot which appears upon the screen of the tube, 
where the undeflected beam strikes the surface, is the 
image of the cathode. _ 

Such an electron lens formed by a magnetic field is a 
convergent lens and behaves much like a convergent 
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lens used in light optics. It gathers divergent electrons 
and brings them to a focus, just as the convergent light 
lens gathers divergent rays of light and brings them to 
a focus. It should not be forgotten that the image point 
also is a cross-over point, beyond which both electrons 
and light rays would again pursue diverging paths. 
This is shown in Figs. 3-24A and B. A number of 
spiral paths for electrons which entered the field at 
different angles are shown in Fig. 3-24H ; the fact that 
these paths are curved while under the influence of the 
field should not be confused with the previous state- 
ment to the effect that after the electron lea 
it advances along a straight-line path, The эй 
focusing between the magnetic lens and the optical lens 
is still evident. 


با 

















Fic, 3-25—Path of electron under influence of 
mele ies Spiral motion between points 4 and B 


of short mag- 
is shown in 


Part of the mathematics of focusing may be of inter- 
est to some readers. From point X, in Fig. 3-25, an 
electron starts out at an angle 6, and enters the mag- 
netic field at A. In passing through the field, it takes 
the curved path AB, and is deflected through the angle 
a, back toward the axis. As may be seen in the end 
view, if the curve is much too sharp or not sharp 
‘enough, the returning path may fall wide of the axis 
X-Y. But for approximately correct values, small vari- 
ations in the curvature will change the distance LY. 
Now, for small angles of electron divergence — and 
is necessary in both theory and practice — any 
angle, expressed in radians, is equal to its tangent. (A 
radian is an angular measurement, equal to 57.3*.) 
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Since, from the relationship between the two triangles. 


2 АХ + £ BYL= La (9) 
then 
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By the use of calculus, it is found that a is propor- 
tional 





(3-11) 
where f is the factor relating a to r. Substituting this in 
equation (3-7) above 


(3-12) 





or 
i4 
F ILITL 

‘The distance X1. corresponds to the object distance 
in optics, and YL to the image distance, designated d, 
and d, respectively. We may write 

1 1 

1 4*4 qu 
for the magnetic lens, corresponding to the same equa- 
tion for an optical lens, In this case, f, which is the 
factor relating deflection angle to this distance of the 
electron paths from the axis, is dependent upon H, the 
magnetic field strength. In optics, f is the focal length. 
Effectively, then, we have a magnetic lens for electrons. 
whose focal length can be varied by changing the mag- 
netic feld strength, within certain practical limits. 

Since all the electrons leaving X at a small angle to 
the axis, are brought to the same point, Y, the point is 
a true focus, and the comparison with an optical lens is 
quite appropriate. 





(3-13) 
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Typical Electromagnetic Focusing System 
Referring back to Fig. 3-1, we may now analyze the 
‘operation of a typical cathode-ray tube which makes 
use of electromagnetic focusing and deflection. This is 
a representation of a simple system, not necessarily a 
sample of any one particular piece of equipment. The 
cathode, or source of electrons, is enclosed by the con- 
trol grid. Next to the control grid, isa screen grid. 
obvious that with a voltage applied to the screen grid, 
an electrostatic focusing lens is formed between the 
apertures of the control grid and the screen grid. Here 
the cross-over point in the partially formed electron 
beam, which is the "object" that is reproduced as the 
spot image, can be seen. The baffle plates in the screen 
tend to prevent entry into the magnetic lens of widely 
divergent electrons, thus simplifying the focusing, 





Near the screen grid is the opening of the acceler- 
ating anode. In practice, this element is usually a con- 
ductive coating on the inside of the tube. The high 
voltage used to accelerate the electron through the 
focusing and deflecting systems and toward the screen 
cf the tube is applied to the anode. The deflection area 
is located between the focusing system and the screen, 

The partial focusing action, which takes place be- 
tween the control grid and the screen grid, has been 
described previously. A stream of electrons issues from 
the cross-over point thus formed, and is projected into 
the focusing area. The position of the magnetic field, 
generated by the focusing coil, with respect to the 
stream of electrons, usually is adjustable so that the 
succeeding cross-over point may be made to coincide 
with the screen. 


CHAPTER 4 


MECHANICAL CHARACTERISTICS 


There was а time, when high-vacuum cathode-ray 
tubes first made their commercial appearance, that few 
types were available. They were, in the main, small- 
and medium-size tubes ; and while it is true that both 
electrostatic and electromagnetic deflection types were 
available, the former was by far the more common. 
This may seem strange, since the electromagnetic 
method of deflection is the older of the two; yet the 
early needs for cathode-ray tubes were most numerous. 
in connection with applications in which electrostatic 
deflection was found easier to use. 

Since that time many changes have taken place. Not 
only has the scope become much more popular, but so 
many new uses for the cathode-ray tube developed in 
connection with the war effort that the range of types 
has expanded very greatly. Then along came commer- 
cial television and still further increased the field of the 
tube, Finally, the needs of research as well as educa- 
tion have resulted in the creation of multi-electron-gun 
tubes, which still further increased the number of tube 
types. 

Under the circumstances, it seems quite reasonable 
that we should present, in full detail, the points of simi- 
larity and dissimilarity between these various types. 
Although it is true that as far as complete cathode-ray 
scopes are concerned, the number of types remains re- 
stricted, the span of this text embraces more than just. 
the conventional radio and television maintenance in- 
dustry. Therefore all types known to be within the 
category of high-vacuum cathode-ray tubes, as well as. 
their applications, merit examination. 











Comparison of Cathode-Ray-Tube Types. 


To the eye many different types of cathode-ray tubes. 
look alike. Yet they may differ in so many ways that 
interchanging one with the other is out of the question. 
On the other hand, many tubes which appear different 
may have sufficiently similar characteristics as to per- 
mit interchanging with little effort in order to take ad- 
vantage of the more salient features of one type over 
the other. As a matter of fact, cathode-ray tubes cannot 
be judged by physical appearance. Certain features 
may appear to be the same, but external appearances 
invariably are useless as a means of evaluating com- 
parative utility or suitability. 





The correct method of comparing cathode-ray tubes 
is by means of an analysis of the electrical characteris- 
tics of the tubes, and this only after determination of 
the adequacy of the mechanical characteristics. Me- 
chanical characteristics are of paramount importance 
when the interchanging of tubes in already existing, 
equipment is contemplated. The feasibility of using a 
different type of tube in an existing piece of equipment 
is dependent first upon its ability to physically accom- 
modate the new tube, 

After this has been decided, then, and only then, is 
it justifiable to examine the electrical characteristics. 
Many different items must be analyzed, not only those 
which might seem the most important, such as heater 
voltage and current, Tube operating parameters must 
be critically checked to establish the suitability of the 
tube for use with circuitry in the unit. Many individ- 
uals have experienced great disappointment after mak- 
ing a change in the type of display when they discov- 
ered that the available operating voltages did not per- 
mit taking full advantages of the tube with the larger 
screen ; or that the amount of amplification available in 
the associated amplifiers was insufficient to fully utilize 
the new tube. 

‘The designer or constructor of new cathode-ray-tube 
‘equipment is not faced with all of these limitations, 
since he is building something new; yet he too must 
make a careful and complete analysis in order to incor- 
porate such design in the related apparatus as will 
enable the realization of the full advantages of the tube 
which he contemplates using. 

On the surface it may appear that simple circuit 
modifications will permit substitution of cathode-ray 
tubes in equipment. Sometimes this is possible, but 
ordinarily, the reverse is true. Even after the circuit 
changes have been made and the equipment is func- 
tioning. it is found that either the necessary regulation 
does not prevail, the proximity of the tube to the com- 
ponents present in the system gives rise to undesirable 
effects, or the tolerances of the components are not 
strict enough to properly fit the new needs. 

И would be foolish to say that one cathode-ray tube 
cannot be substituted for another, hecause this is not 
so. Replacements with improvements are made for that 
purpose ; however, after many years of experience, we. 
can say without fear of contradiction that interchang- 
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ing of cathode-ray tubes which have like physical or 
mechanical characteristics but different electrical char- 
acteristics presents considerable difficulty. The sim- 
plest type of interchangeability exists when all dimen- 
sions and characteristics are the same, except for the 
fluorescent screen material. Such replacement often 
becomes necessary in photographing certain oscillo- 
scope displays. Although the technique of photography 
and the range of film speeds and color response have 
improved to the point where good photographs of most 
traces may be obtained from virtually any type screen, 
certain screens, designed specifically for high-speed 








transients, are generally required for photographic re- - 


cording of these patterns. 

‘The comparison of cathode-ray tubes is not difficult, 
since all of the data are available; but it is imperative 
that all of the facts of the problem be understood. The 
understanding of mechanical characteristics poses no 
difficulty ; the comprehension of the electrical charac- 
teristics demands the greatest attention. 

With this in mind, we shall devote this chapter and 
the next three to a study of the details of cathode-ray 
tubes. We must, however, comment that the extent 
of the subject covered will be within boundaries set by 
the fields of application which we are embracing in this 
text, 
only high-vacuum type tubes will be dealt with — the 
tubes will be found in devices known as cathode-ray 
oscilloscopes or oscillographs and synchroscopes. Sec- 
ond, we shall include all of the types of tubes which are. 
used for display of information in connection with in- 
dustrial, medical, and scientific activities, with the ex- 
ception of the very-high-voltage oscillograph and the 
electron microscope. Third, we shall include the dis- 
plays which present information derived from meas- 
urement of time or direction of travel, or both, of elec- 
tromagnetic waves ; this classification includes systems 
of military and commercial importance, particularly 
navigational aids. 

‘The cathode-ray tubes employed in television re- 
ceivers will receive full attention, although it is inad- 
visable to set up a special category for these tubes. In 
general, they are like the tubes employed in other 
applications, except perhaps for differences in the 
screen materials because of the need for certain per- 
sistence characteristics. 




















‘The Basic Cathode Ray Tube 

For comparison of the many varieties of tubes, 
it is essential to have, as a starting point, a basic 
cathode-ray tube, Fortunately this is possible, because 
no matter what the type or purpose of tube under con- 


sideration, whether electrostatic, electromagnetic, or 
combination, all have certain features in common. For 
example, the internal construction of all cathode-ray 
tubes can be divided into four basic operational sec- 
tions. It is possible to subdivide, and list many more, 
but these four are the cardinal sections associated with 
the action upon the electron beam. They are: 
1. The source of the electrons which are eventually 
concentrated into the beam. 
2, The assembly of elements whereby the emitted 
electrons are controlled, focused, and accelerated 
toward the screen. 


3. The assembly of elements whereby the deflecting 
forces are applied to the beam before it reaches. 
the screen. 

4. The screen of the tube, 





Fig, 4-1 Organization and fonction of elements in electron 
gon oí haic electrostatic cathode-ray tuc. 


If we illustrate the organization of these four sec 
tions as they appear in the basic cathode-ray tube, we 
have the three pictures shown in Figs. 4-1, 4-2, and 
4-3. The first of these is the conventional electrostatic 
cathode-ray tube; the second one is the conventional 
electromagnetic tube, and the last is a combination of 
both electrostatic focusing and electromagnetic deflec- 
tion. Each illustration contains notations identifying 
the action of the sections. 

It is to be remembered that these are simple repre- 
sentations of three general varieties of cathode-ray 
tubes and are useful only from the viewpoint of the 
organization of the basic functional section of the de- 
vice. Later on as the descriptions of the tube types 
develop, the variations from these basic types will be- 
come evident, but even the modified versions will be 
found to conform with the general pattern indicated 
by these elemental types. 
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Fig. 4-2. Organization and function of elements in electron 
gun, including external focus and deflection coils, of basic elec- 
tromagnetic cathode-ray tube. 





The Electron Gun 


At the moment, we are not concerned with the actual 
construction of the electron gun, which functionally 
embraces items 1 through 3 of the list given, or with the 
physical construction of the different sections. What 
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Fig. 4-3.— Organization and function of elements in electron 
qun of combination electrostatic electromagnetic cathode-ay 


we desire to stress is that the standard cathode-ray 
tube, regardless of type, employs a single electron gun 
which contains the electron emitter and a means for 
controlling the density of the clectron stream. From 
this point on, the actual arrangement of elements for 
concentrating the electrons into a beam, that is, for 
focusing, is a matter of the individual type. 

The electrostatic tube employs a gun which includes 
not only the focusing electrodes, in addition to the 
‘emitter and the control electrode, but also the means 
for accelerating the beam on its way toward the screen, 
and the elements required for deflecting the beam 
horizontally and vertically. This is shown in Fig. 4-1. 
Strictly speaking, the electron gun does not really in- 


clude the deflection elements, but it has become stand- 
ard practice to assemble and mount these as a unit 
because it is most convenient for manufacturing. It 
seems that it is easiest to mount the deflection elements 
when assembling the other parts of the gun, especially 
since the orientation of the control and focusing elec- 
trodes is important with respect to the centering of the 
two pairs of deflection plates. By working with a com- 
pletely integrated unit, physical alignment of the ele- 
ments is improved, But ordinarily when we discuss the 
electron gun wed in the electrostatic type of cathode- 
ray tube, the deflection system is not included. 

In the electromagnetic variety of tube shown in Fig, 
4-2, wherein both focusing and deflection are accom- 
plished by electromagnetic means, as generally under- 
stood the electron gun is limited to the electron emitter, 
the control element, and a part of the beam accelerat- 
ig system. The focusing coil and the deflection coi 
are apart from the gun ; in fact they are located outsi 
the tube, with the deflection coils positioned at a point 
definitely removed from gun location. The means pro- 
vided for individual positioning of the focusing and the 
deflection coils so as to attain the best operating condi- 
tions are secondary to the organization of the systems 
within the tube, As was mentioned in the previous 
chapter, the location of the focusing coil is usually in 
the proximity of a part of the accelerating element ; the. 
full dimensions of this electrode are greater than indi- 
cated in the illustration, 

In the combination electrostatic and electromagnetic 
tube, as shown in Fig. 4-3, the clectron gun contains 
the electron emitter, the control element, and the focus- 
ing system, as well as an accelerating anode such as is 
used in the fully electrostatic-type tube, The deflection 
system is, however, electromagnetic. 

















Detlection Systems 


‘The deflection system in electrostatic tubes uses two 
pairs of plates, positioned at right angles to each other, 
‘one pair being intended for horizontal deflection and 
the other pair for vertical deflection. In the electro- 
‘magnetic tube as well as the combination tube, shown 
in Figs. 4-2 and 4-3 respectively, the deflection system 
consists of two pairs of coils so arranged as to produce 
two magnetic fields at right angles to each other, one 
pair affording deflection in the horizontal direction, 
‘whereas the other pair causes vertical deflection. 


The Screen 


As to the screen, very little need be said in this pre- 
liminary discussion. Each tube has a single screen; 
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this statement bas no implications regarding the 
make-up of the screen, that is, the kind of material used 
or the number of layers, but rather that an ordinary 
cathode-ray tube does not have separate screens. 


Accelerating Anodes 

Although the accelerating anode isa basic element of 
the cathode-ray electron gun, it is general practice in 
modern tube design to modify this somewhat. In most 
tubes manufactured, the second anode extends beyond 
the gun region into the cone of the envelope. This is 
done by coating the inside of the glass with colloidal 
graphite (aquadag) ; in many instances, this conduc- 
tive aquadag coating forms the anode by itself, with- 
out any actual metallic element being associated with 
the electron gun. In the majority of large tubes, the 
connecting terminalis located near the flare of the cone, 
if so permitted by the envelope construction. However, 
in some instances, particularly in small tubes, connec- 
tion is made through a pin on the tube base. 

A different method of electron acceleration makes 
use of the intensifier electrode or post-deflection accel- 
erating anode. Its omission from the basic cathode-ray 
tube of present discussion is deliberate, although its 
use is becoming more common. Because many tubes do 
not have this element, it seems better to present it as a 
modification of the standard construction, rather than 
as a component element of the basic type of tube. The 
purpose of the element, or elements as the case may 
be, is to accelerate the electron beam after it has been 
deflected, causing the beam electrons to strike the 
screen with higher velocity, and thereby producing a 
more brilliant trace on the screen. By applying the 
accelerating voltage after deflection, the effect of in- 
creased electron velocity upon deflection sensitivity is 
kept to a minimum, A more complete discussion will 
appear later. 


Outline of Action Within Basic Tube 


The electrons are emitted by the cathode around 
which is mounted the control-grid electrode. This is a 
sleeve with an aperture facing the emitting surface of 
the cathode. The general function of the control grid is 
to control the density of the electron stream prior to 
its entry into the focusing area. This it can do suffi- 
ciently to cut off the electron flow completely. 

Once in the focusing area, the divergent electrons in 
the stream are concentrated into a beam by whatever 
means are employed for focusing. All the while, the 
electrons in the beam are being accelerated toward the 
tube screen, by the voltage applied to the second anode. 


While advancing toward the screen, the beam is caused 
to traverse the deflection area, where the vertical and 
horizontal deflection forces are applied electrostatically 
ог magnetically, as the case may be. After deflection, 
the electron beam continues its travel until it strikes 
the screen, upon which it produces a visible trace. 
Such a description of the actions found within the 
tubes is, of course, extremely sketchy ; later on we shall 
analyze the operation of each of the elements in detail 
and examine the functional relationship between them, 
as well as the manner in which each affects the ultimate 


result. 


Types oí Cathode-Ray Tubes 
A tabulation of cathode-ray-tube types is based on 
many different considerations. Not only do tubes look 
different, but even some which look alike may be of 
different mechanical construction and possess different 
mechanical characteristics. Electrically, many almost 
identical-appearing tubes may have such widely dif- 
ferent characteristics as to be totally different tubes. 
Finally, on the basis of the nature of the sereen lumi- 
nescence, the tubes may differ so much as to make 
certain tubes totally unsuitable for specific applica- 
tions. So we find that three distinct classifications may 
be used to distinguish tube types. In fact there could 
even be said to be five classifications, if we include the 
manner of deflection and number of electron guns 
further ground for distinguishing tube types. 





‘Type Numbers 


The conventional cathode-ray tube manufactured 
today is identified by an assigned RMA type number 
which is partially descriptive of the tube. Examples of. 
such designations are ће 2АРІ, SBP1, 10BP4, etc, 

In these standard type numbers, the first digit iden- 
tifies the nominal diameter of the screen in inches. The 
first letter merely identifies the order in which tubes of 
the same diameter were registered with the Radio 
Manufacturers’ Association. The last letter-number 
combination, that is, the letter "P" followed by a num- 
ber, identifies the kind of phosphor used for the screen 
of the tube, thus indicating the color and persistency 

Consequently, the designation SBP1 reveals that the 
tube is five inches in diameter, that it was the second. 
five-inch tube registered with the RMA, and that the 
screen phosphor is green, with medium-short persist- 
‘ence. Each of these tube properties, especially those 
concerned with the screen, will be treated in detail 
subsequently. 
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Fig. 44—A representative group of cathode-ray tubes, 
Union 16AP4 metal tobe, (B) Bu Bk 

tional Union 10BP4, (F) Electronic Tube Corp. 
(H) Norelco NP projection tabe. 


In 1937 a modification was made in the design of the 
electron gun used in certain tubes and the letter “A” 
‘was appended to the type number to show that the tube 
contained the new gun. Thus, tubes with the same basic 
type numbers, as for example SBP1 and SBP1-A, are 
alike except for the difference in the gun. The screen 





beth eger and special purpone 
font SSP2 dual-gun tube, (C) National Union 7JP4, (D) RCA 3DPI J-scope tube, (E) Na- 
KILN potentiometer tube, (G) Electronic Tube Corp. 7Z10P2 10-gun tube, and 
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dimensions and screen phosphor are the same; for all 
practical purposes, the two types are interchangeable. 

This system of identification is usually applied only 
to conventional cathode-ray tubes, and not to such spe- 
cial types as the monoscope, image orthicon, some 
multigun tubes, etc. These are still generally assigned 
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type numbers which are nondescriptive. Prior to the 
adoption of the number-letter system, conventional 
cathode-ray tubes were also assigned such numbers, 
usually in the 900 ог 1800 series. However, the need 
for standardization in nomenclature led to the present 
system, which as previously stated, offers a partial 
description rather than only identification of tube type. 


Physical Shapes 


The most obvious consideration is the shape of the 
tube or the envelope. This is the outside appearance ; 





the internal arrangement is hidden because of the - 


manner of tube construction, especially the opaque 
coating on the inside of the bulb. In Fig. 4-4, there are 
shown various representative types of tubes. Each of 
the tube types is identified by the manufacturers’ type 
number. A full representation of all brands is not nec- 
essary since, due to present-day standardization, tubes 
bearing like type numbers have like construction and 
characteristics regardless of make. What we have tried 
to do here is to show the greatest variety of envelope 
shapes. The complete specifications — mechanical, 
— íor every known American- 
made cathode-ray tube are given in Appendix T. 

Fig. 4-4 also shows some mechanical characteris- 
tics other than shape. These are discussed later in this 
chapter. In the meantime, let it be said that there is no 
basic shape, at least not today. There was a time, per- 
haps fifteen years ago, when all cathode-ray tubes were 
pear- or funnel-shaped—that is, having a narrow neck, 
gradually flaring out, and a substantially flat screen 
surface, Perhaps this construction is most popular even 
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today, but there are so many other types, that we can 
scarcely consider one shape as “basic”. 

A unique departure in cathode-ray-tube construc- 
tion, at least as far as the envelope is concerned, is the 
so-called metal-type 16AP4, which is shown in Fig. 
4-4. Although classed as a metal tube, the construction 
isa combination of a glass neck, a metal truncated cone, 
and a glass face for the screen. A cross-sectional view 
of the envelope is shown in Fig. 4-5A. Being a new 
development in cathode-ray-tube construction, the de- 
vice warrants more than usual comment. It is, per- 
haps, the forerunner for envelope design of the future 
for all cathode-ray tubes, although at the present time, 
the standard glass envelope is considered more eco- 
nomical for tube sizes up to 10-inch screens, 

‘Three reasons are advanced for its development 
(1) lighter weight, (2) greater manufacturing flexi- 
bility, and (3) better optical quality, There are other 
reasons as well, which extend right to the television 
set purchaser's pocketbook, but those we have men- 
tioned are sufficient. Manufacturing problems were 
numerous ; foremost among them was the development 
of the proper seal between metal and glass when the 
dimensions were as great as the periphery of a 16-inch 
diameter screen. Glass-to-metal seals have been used 
for a long time in high-power transmitting tubes, but 
the diameters were not as great. The selection of the 
metal was a problem in that certain specific require- 
ments had to be met. The metal chosen, after a great 
deal of experimentation, as having the proper coeffi- 
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cient of expansion relative to the glass, allowing a 
vacuum-tight seal, having high tensile strength, and 
possessing good corrosion resistance, was an alloy of 
chrome-iron, known as SAE Type 446. 

‘An interesting sidelight on the construction is the 
conditions associated with the glass face plate. Nor- 
mally, the pressure of the air on a surface 16 inches in 
diameter is slightly under 1.5 tons. For safety pur- 
poses, the tube was designed to withstand a pressure of 
about 4.5 tons. In an all-glass bulb, the loading created 
by the air pressure is supported by a relatively heavy 
wall near the maximum diameter of the bulb, In the 
case of the metal cone, this support is achieved by 
building up the face-plate-sealing surface of the cone 
in the shape of a truncated rim-cone supported at one 
end by a cylindrical rim andl at the other end by the 
main cone, Fig. 4-SB affords an enlarged view of the 
face-sealing area. Other details of this tube are dis- 
cussed later under the appropriate subject headings. 


Overall Length 

As a general rule, the over-all length of a tube in 
inches is related to the diameter of the screen. Not that 
an exact ratio hetween the two exists, but rather that 
the longer the tube, the larger the screen and vice- 
versa. There are, of course, exceptions to this relation- 
ship, but generally itis true. For what it may mean as 
among the numerous electrostatic tubes, 
the approximate ratio of over-all length to screen diam- 
eter varies between 2.5 to | in the medium length tubes, 
to about 4 to 1 in the smaller tubes, The higher ratio 
may be said to apply to tubes with screen diameters up 
to about 5 inches. As the screen diameter exceeds 10 
inches, the over-all length to sereen diameter decreases, 
until the 20-inch tube shows a ratio of about 1.3 to 1. 
The over-all length of the electrostatic group of tubes 
ranges from shortest, 4.75 inches, to the longest, 28.5 
inches. These figures include the tube pins in the base. 

In the case of the electromagnetic tubes, the length- 
to-diameter ratio is somewhat less, being about 1.4 to 1 
in the case of the largest tube, with the 20-inch screen, 
to about 2 to 1 in the smaller tubes. The shortest tube. 
available is 10 inches long and the longest is about 29.5 
inches. 

Inasmuch as special needs originate special con- 
struction and conformation, these figures should not 
be taken as absolute limits, for it is possible that by the 
time the ink in this book dries thoroughly, new tube 
dimensions may be in use. In fact some multigun tubes 
exceed the over-all lengths stated above. Because of 
the difference in over-all length of tubes, if that physi- 
cal dimension is important, each tube type should be 
treated separately. 














Screen Dimensions 


‘The dimensions of cathode-ray-tube screens are 
important from the standpoint of display size and 
readability in oscillographs and similar equipment, and 
from the standpoint of over-all picture size in tele- 
vision receivers, 

In the electrostatic type of tube, the smallest rated 
screen diameter is 1.3 inches and the widest is about 20 
inches. Among the electromagnetic tubes, the smallest 
screen diameter is 2.5 inches and the largest is 20 
inches, This upper limit should not be confused with 
projected image dimensions in television receiving sys- 
tems, l'icture areas in excess of that afforded by a 20- 
inch screen are in use, but the tubes on which the image 
appears usually have screens 5 inches in diameter or 
less, while the image is enlarged by optical projection. 

t is interesting to mention that a casual interpreta- 
tion of the diameters stated may give one the impres- 
sion that these screen sizes range from the smallest to 
the largest in small increments. Such is not the case. 
The range of diameters for electrostatic tubes can be 
said to be made up of about eight different fixed dimen- 
sions, these being 1, 2, 3, 5, 7, 10, 12, and 20 inches, 
‘The same restriction in sizes also exists for the electro- 
magnetic type of tube, in that the full range is com- 
posed of tubes of 2, 3, 5,7, 9, 10, 12, 15, 16, 19, and 20 
inches. Obviously, the latter type of tube has a greater 
number of individual sizes, brought about no doubt by 
the combined needs of the recent war effort and pres- 
cent-day television, 

Identification of screen diameters is accomplished by 
the tube type number, if it is of the combination digit- 
letter variety. As explained previously, the first num- 
ber in such type designation is a statement of the rated 
diameter of the tube screen expressed in inches. This 
dimension is the nominal over-all diameter of the tube 
face, and does not take into account any reduction in 
the useful arca caused by curvature of the screen at 
its periphery. 

In general, tube screens are not perfectly flat, but 
they are sufficiently so over a substantial portion of 
their area, as to be the equivalent of a plane surface. 
However, picture tubes intended for television receiv- 
ing systems, although not necessarily limited to such 
use, have fatter screens than the conventional run of 
cathode-ray tubes. It is equally important to under- 
stand that all tubes of like screen diameter do not 
necessarily afford equally flat surfaces, although tubes 
of like type number produced by different manufac- 
turers will, in general, afford similar physical features. 
This is the result of standardization and compliance 
with joint Army-Navy (JAN) Specifications. 
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Rated Screen Diameter versus Useful Diameter 


Because of the curvature of the face of the tube, espe- 
cially at the edges, the entire screen does not offer equal 
utility for display purposes. Neglecting any controls 
associated with the tube deflection system, it can be 
said that maximum useful screen diameters approxi- 
mate 80 to 90 per cent of the rated screen diameter. 
Since the faces of all tubes do not have exactly the 
same degree of flatness, and since the amount of toler- 
able distortion is indeterminate, being dependent upon 
the user, nothing other than a rough approximation of 
the useful diameter is possible, 





‘The purpose or nature of the display has great bear- - 


ing on whether the rated screen diameter will be used 
or if the dimensions of the trace will be limited to about. 
90 per cent of the screen diameter. The author has 
found this last figure to be the practical maximum 
when the trace on the screen is being studied. Thus, if 
а tube screen has a rated diameter of 5 inches, a good 
limit for the pattern dimension is 4.5 inches; for a 
10-inch screen this would be about 9 inches; for a 3- 
inch screen it would be about 2.7 inches, and so on. 

Naturally it is permissible to stretch this portion, if 
the distortion which develops around the edges is ac- 
ceptable, and if the design of the deflection system 
allows the use of almost the entire screen. In some 
cases, especially when more than one electron gun is 
used, the constructional limitations tend to preclude 
the use of the full diameter of the screen for presenta- 
tion of information. 

The more severe the demand made upon the pre- 
sentation for study purposes, the greater the care 
which must be exercised in the dimension of the trace. 
If distortion due to the curvature of the tube is not 
recognized, the analysis of the trace can be greatly in 
error. It has been our experience in oscillographic 
work, that by and large, trace dimensions should not 
exceed 90 per cent of the screen diameter. Of course, 
if only a segment or section of a pattern isto be studied, 
then it is possible to expand the trace to fill the screen, 
or even extend beyond the limits, provided that the 
segment being studied is kept within the 90 per cent 
limit. This figure allows a safe margin. 

In the presentation of television pictures, the RMA 
standard transmitting aspect ratio of 4 to 3, the ratio 
of the horizontal to the vertical dimension, is not al- 
ways reproduced precisely at the receiver. If the pic- 
ture size were such that no part would extend beyond 
90 per cent of the diameter, only about 60 per cent of 
the screen area would be utilized. In practice, the pic- 
ture is usually enlarged so that the horizontal dimen- 
sion is within distortion limits, and the corners run to 


the edge of the tube, or are lost altogether; in such a 
case about 70 per cent of the tube area can be used. 
Further gain in picture size can be obtained only at the 
expense of additional distortion and loss in portions of 
the transmitted picture. 


Tube Basing 

‘The basing of cathode-ray tubes has been standard- 
ized only with respect to identical tube types made by 
different manufacturers, All tubes which bear identical 
type numbers have the same type of basing. However, 
not all tubes of like screen diameter or like over-all 
length are of the same type. nor are they necessarily 
based alike. Therefore, sockets for cathode-ray tubes 
must he properly selected. In this connection, it is nec- 
essary to introduce a subject somewhat prematurely, 
but only to a limited extent, This is the matter of the 
number of electron guns within the tube envelope. 

In the usual run of single-gun tubes, which can be 
considered to be the standard type, ten different types 
of tube bases are employed. These are as follows : 





Medium $-pin. 
Medium 7-pin 

Octal 8-pin 

Magnal 11-pin Diheptal 12-pin 
Duodecal 5-ріп Peripheral 12-contact. 


Special purpose tubes such as the image orthicon, the 
RCA monoscope and others make use of two addi- 
tional bases, the Medium 6-pin and the Diheptal 14- 
pin. 

If we examine cathode-ray tubes which have more 
than a single gun, still other tube bases are used. For 
example a two-gun electrostatic cathode-ray tube 
S-inch screen made by one manufacturer uses a 12-pin 
base, whereas another two-gun tube with 12-inch 
screen makes use of a 20-pin tube base. Still another 
multigun tube uses a 40-pin base. Identification of the 
specific type of basing for each tube is given in Appen- 
dix IL. 

The differences in tube basing demand proper cor- 
relation between the base and the socket. Tubes which 
have like screen dimensions and over-all length, and 
even similar characteristics, which to all intents and 
Purposes are interchangeable, may be found to use 
Substantially different arrangements of electrode con- 
nections. That is to say, the same element in each tube 
does not always connect to the same numbered pin on 
the base. This calls for proper correspondence between 
the elements within the tube and the circuitry con- 
nected to the socket. Obviously, this is no problem 
when handling complete equipments which already 
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contain the appropriate cathode-ray tubes, but does 
require attention, when, for some reason, one type of 
tube is replaced by another. 

Apart from the number of contacts and the differ- 
ences in diameter, the general conformation of the tube 
bases is the same except for the peripheral variety. In 
this type, shown in Fig. 4-6, the contacts are located 
around the periphery of the base, hence its name. The 
socket used with such a base also is shown in Fig. 4-6 
and as may be evident from the illustration, the con- 
nections are located around the inside wall of a flange 
of the dielectric material. 


Ll. 


Fig. 4-6.— Peripheral 12-contact tube base and socket. 


A tube base with 20 pins and the special type of 
socket which it requires are shown in Fig. 4-7. The 
base contacts are assembled to form a circle, despite 
the relatively great number of pins. The socket is of 
interest in that, while the points of contact with the 
tube base pins form a circle, the connecting clips are 
arranged in two rows, an outer row and an inner row; 
in that way maximum separation and insulation be- 
tween contacts is attained. By proper orientation of the 
clips, a circular formation of the connecting points is 
arranged, to agree with the pin positions on the tube 


base. 
Courtery Electronic Tobe 
Fig. 4-7.—Twenty-pin tube base and socket. 
Location of Electrode Terminals 


‘The location of the electrode terminals is a function 
of the design of the tube and the preference of the in- 








dividual manufacturer. It is essential to bear in mind, 
however, that in the case of special types of tubes, that 
is, tubes which depart from the conventional single 
electron-gun construction, there is no standard pattern. 
of electrode terminal location, 

In general, low-voltage tube construction is such 
that all the electrodes terminate on the tube base. In 
the case of high-voltage tubes, many variations will be 
found. The accelerating anode usually terminates 
somewhere along the envelope of the tube beyond the 
deflection area. The intensifier anode terminal always 
is found on the bulb, fairly close to the screen. The 
exception to this arrangement is the tube wherein 
several such accelerating rings are used ; in this case, 
the terminals are arranged in a row along the length 
of the envelope. A tube of this type appears in Fig. 4-8. 

When thinking about electrodes, we usually hav 
mind the gun, the second anode, and the intensifier 
elements. In some tubes, such as the multigun tubes 
described later in this chapter, intergun shields also 
have connections; these must be viewed as being a 
part of the electrode system because frequently they 
are joined to one or more other tube elements inter- 
nally, and terminate on the tube envelope. 


s a 
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Fig. 4-8, Recessed.button anode terminals along envelope 
‘of SRPIIA tube. Note location of deflection-plate terminals on 
Beck of tube 








Deflection plates terminate in one of two places, 
depending upon the number of guns and the nature of 
application. In general, low-voltage tubes used in the 
conventional cathode-ray oscilloscopes employ such 
construction that deflection plates terminate at the tube 
base. This is general practice in the majority of single- 
gun tubes, even when high voltages are applied to the 
tube. Although not commercially available, there are 
some single-gun experimental tubes of domestic make 
and intended for high-frequency application, wherein 
the deflection-plate terminals are located on the neck 
of the tube. Such tubes are commonly in production, 
however, in foreign countries. 

In contrast to the single-gun type of construction, 
multigun tubes of the electrostatic variety have, as 
a rule, the deflection-plate terminals placed around 
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the neck of the tube. An example of this is shown in 
Fig. 4-10B, as well as in several other figures in this 
chapter. When so mounted, the terminals are located 
equidistant from the axis of the tube and equidistant 
from each other. A departure from this form of ar- 
rangement is the mounting of the connecting terminals 
upon an insulating ring which is located around the 
neck of the tube. This is shown in Fig. 415. 

A further modification in one multigun tube in- 
volves separate terminals around the neck of the tube 
for the deflection plates and separate terminals around 
the neck of the tube for the focusing electrodes. A 
photograph of this tube appears in Fig. 4-4. 


Diameter of Electrode Terminals 


As has been ii ited, tube elements often terminate. 
in contacts which are mounted on the envelope. The 
important point is that all such terminals are not of like 
diameter and, in many cases, may require special types 
of connectors. Reference to the nonuniformity of elec- 
trode contacts may appear superfluous in connection 
with the contents of a book on theory; but the man 
who has had occasion to work with oscilloscope tubes 
soon finds out that the inability to make proper con- 
nections, because the connecting caps do not fit, can be 
extremely annoying. 

Sometimes these connectors are contained in re- 
cesses in the envelope and the snap terminal must fit 
such a recess; in other cases, the connecting terminal 
protrudes through the wall, and contact is made by the 
usual type of grid clip with ceramic insulation on the 
‘outside, Also it is significant to note that in those cases 
where several elements within the tube terminate in 
connections on the envelope, the high-voltage junc- 
tions utilize terminals of greater diameter than the low- 
voltage junctions. 








Multigun Tubes 

‘Many applications demand the simultaneous obser- 
vation of two or more different phenomena, or at least. 
the presentation of two or more actions, regardless of 
what may be their nature, These multiple simultaneous 
presentations may be as simple as two pairs of voltages, 
or voltages and currents corresponding to actions in 
four different parts of a system. Or the patterns may be 
as complex as to require a screen divided into four sec- 
tions, each of which is excited separately and made to 
present a scene in a different color, the four individual 
scenes then being optically formed into a single picture 
of the combined colors. Such demands are satisfied by 
multigun tubes. 





Whether such multiple traces are developed with 
electrostatic tubes or with electromagnetic tubes is un- 
important at the moment, except that today the major- 
ty of multigun tubes available on the open market are 
in the former category. There has developed during the 
past two ycars a definite increase in interest in mult 
ple-trace cathode-ray scopes; at the time of this writ- 
ing, several manufacturers are producing complete 
scopes which are capable of displaying as many as five 
separate phenomena simultaneously. Each of these 
scopes is described in a later chapter. 

‘The most prominent, although not the only, method 
of providing multiple traces on the screen of the cath- 








* ode-ray tube is by means of two or more electron guns 


contained within the tube envelope, Each gun is com- 
plete in itself; it contains its own electron emitter, and 
if itis of the electrostatic variety, it has a complete set 
^f elements which go to make up whatever specific type 
of gun it may be. This means that, in addition to the 
clements which may be located between the control 
grid and the first or focusing anode. it may have its own. 
second (accelerating) anode, or it may employ an 
anode which is common to all the guns. Associated 
with each of these guns is a deflection system consisting. 
of two pairs of deflection plates. As we said earlier, the 
combination of the gun elements and the deflection 
plates in a single assembly is a matter of convenience, 
rather than the acceptance of the idea that the deflec- 
tion plates are a part of the electron gun. 

In the case of the electromagnetic variety of tube 
which contains two or more guns, cach gun conforms 

ith the type normally used in electromagnetic types 
of tubes. These references to types of guns will become 
more clear later in this chapter when we examine the 
fundamental types used in practice, but for the present 
we can refer to types even though they have not been 
identified. 

‘As many beams as are active within a multigun tube 
strike the single screen and produce individual traces 
which represent whatever may be the nature of the de- 
flection forces the beam experiences while on its way 
to the screen. By the application of suitable positioning 
potentials, each of these traces can be arranged to ap- 
pear apart from the others either horizontally or verti- 
cally, or both ; or any two or all may be so positioned as 
to appear superimposed upon each other. See Fig. 4-9. 

For conventional applications, the domestic com- 
mercial market affords multiple-trace scopes which use 
multigun tubes containing 2, 3, 4, and 5 guns, thus 
affording a corresponding riumber of simultaneous 
traces, Experimental applications have made use of as 
many as 10 guns within a single envelope. Remarkably 
enough, this number of guns was used in a tube with a 
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Fig, 4-9.—Oscillograms of traces as they appear on a dual. 
tube, The two traces may be separated asi (A), oF super. 
imposed, as in (B). 


7-inch screen; an illustration of the gun is shown in 
ig. 4-14. Another interesting design is the use of six 
guns in a tube which has but a 3-inch screen. 





While it is true that the use of two or more guns in 
‘a cathode-ray tube, sets these tubes apart from the con- 
ventional single-gun variety, the modification in design 
is limited solely to the gun structure, unless other 
changes are specifically mentioned. This happens in a 
few isolated cases, but by and large, it should be under- 
stood that the use of two or more guns does not alter 
the basic manner in which the cathode-ray tube oper- 
ates. One might say that it corresponds to a car with 
four forward speeds and two reverse speeds and pos- 
sibly four-wheel drive, in contrast to the conventional 
automobile. The basic actions of the different elements 
in the multigun tube are like the actions of the same 
parts in the single-gun device, so that the user of a 
multiple-trace tube can still think in terms of conven- 
tional cathode-ray-tube practice. 


Arrangement of Multiple Guns 

The number of guns used in multigun cathode-ray 
tubes varies from two to ten. It is possible that more 
than ten guns have been used within a single envelope, 
but if so we do not know about it. 

As to the relationship between the screen diameter 
and the number of guns within a tube, there seem to 








be almost no limitations, as indicated by the fact that as 
many as six guns have been accommodated in tubes 
with a 3-inch screen and as many as ten guns have 
been used on a tube with a 7-inch screen. Further- 
more, as few as two guns may be found in tubes with 
screens both as small as two inches and as large as 
twelve inches. As you can see, there is no special rela- 
tionslip between the number of guns within a single 
envelope and the sereen dimension. 





Generally, two common gun arrangements are to be 
found m domestic multigun tubes. The first is that used 
ın dual-gun tubes, wherein the two guns are in line 
along a single horizontal axis. Such an assembly, prior 
to insertion in the envelope, is shown in Fig. 4-10A and 
the completed tube is illustrated in Fig. 4-10B. An- 
other example of in-line arrangement is shown in Fig. 
4-11, this time a triple-gun assembly. 














Cenrtey Diecronie Tube Corp 


Fig 4-10A—Dual electron-gun structure of type used in tube 
of Fig 4-108. A 


Courtesy Electronic Tube Corp. 
Fig. 4-10B.—SSP11 dual-gun cathode-ray tube. 





Several very interesting structural conditions e 
in these and other gun assemblies yet to be shown. 
Electrostatic shielding in the form of plane- or fin-type 
shields made of nonmagnetic stainless steel is used be- 
tween the gun assemblies to isolate each from the other. 
Each shield begins below the control grid and extends 
upward sufficiently to include the deflection system as- 
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Fig 4-11.—Western Electric 330-B triple-gun cathode-ray 
‘tube, with gun assembly prior to insertion in envelope, 


sociated with the gun, In addition, the shields are 
mounted in such a manner a» to strengthen the mechan- 
al assembly of the guns and to add rigidity. 

‘The effectiveness of the electrostatic shielding is 
shown by freedom from effect when a strong high- 
frequency deflection field is applied to one beam and 
the other beam i» not deflected. If the shielding is effec- 
tive, the nondeflected beam will remain unaffected by 
the signal apphed to the adjacent deflection system. 

Another interesting structural condition is the small 
tilt given each gun relative to the tube axes. This causes 
the nondeflected beams to strike the screen within a 
small area, Standard practice is to provide such angu- 
Jar tilt that the two beams strike the screen within a 
25-mm square, or a square approximately one inch on 
each side, with the center of the screen being at the 
center of the square as shown in solid lines in Fig. 4-12. 
If the two beams strike anywhere within this area, the 
structure is within tolerance 

Based on personal experience, we find that this tol- 
erance is too great. While it is true that correction 
voltages can be applied, so a» to make these nonde- 
flected beams coincide where they strike the screen, 
‘manufacturing tolerances should be decreased so that 














Fig. 4-12—Manufac- 

ing tolerances per- 
mit dual undeflected 
beams to fall within 
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the two spots from the two nondeflected beams will fall 
within $ mm of each other, within an area of 25 sq. mm. 
instead of 625 sq. mm. The importance of attaining per- 
fect coincidence of the deflected spots is explained in 
detail later in this text. For the present let it be said 
that, аз a rule, the greater the divergence from coin- 
dence of the two nondeflected beams when they strike 
the screen, the more difficult is it to properly portray 
phase relationship between related quantities, when 
both beams are actuated by a single sweep. 

The second arrangement used in multigun systems 
is circular in pattern. The guns are arranged around 
the circumference of a circle, being spaced equidistant 
from the axes of the tube and equidistant from each 
other around the circumference. An assembly of five 
electrostatic guns complete with deflection plates, prior 
to insertion in an envelope, is shown in Fig. 4 
a 10-gun assembly is shown in Fig. 4-14, The type of 
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shielding between guns described before is clearly 
visible in the latter illustration. In the 5-gun assembly, 
the shielding is limited to the space between the guns. 

‘The wires on the bottom in Figs. 4-13 and 4-14, as 
well as in Fig. 4-10A, are the connections for all of the 
heaters, control grids, focusing anodes, and other ele- 
ments within the guns, whereas the leads on top are 
joined to the deflection plates. An example of how the 
deflection plate leads terminate outside the envelope is 
shown in Fig. 4-15. This is a 6-gun tube. The leads 
from the gun assemblies can clearly be seen going to- 
ward the pins of the tube base, whereas the 24 leads 
from the six sets of deflection plates terminate in the 
pins, molded into the insulating ring which surrounds 
the envelope. The screen diameter is seven inches, 
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Fig 4-14—Assembly of ten electron guns. Here shielding is 
‘used between complete gun structures. 


In all of these assemblies, the aim is to keep all the 
horizontal deflection plates parallel to each other and 
all the vertical deflection plates parallel to each other. 
In this way, the divergence of the horizontal traces 
from parallel paths is kept to a minimum along the 
length of the trace. The same is true for the vertically 
oriented traces. The absence of such parallelism con- 
stitutes a major problem when it exists — one which 
tends to impair the usefulness of the tube as a phase 
indicator for two or more waveforms. Commercially, 
the parallel alignment of the horizontal traces is kept 
within 3°. Experience indicates that for schoolroom 
demonstration of waveform comparison, more than 1° 
divergence is harmful to the presentation. In fact, 5° 
variation should be the maximum allowed. This is pos- 
sible by careful alignment of the elements which make 
ор the gun and horizontal deflection plate assemblies. 
At this time, when these tubes are being made in com- 
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Fig. 4-15.— Six-gun 76GAP2 tube, showing unique arrange- 
ment of deflection-plate terminals. 


paratively limited quantities, such alignment is costly. 
But for the good of the art as a whole, the more rapidly 
it is possible to reduce costs and still provide the par- 
allelism between the time-axis traces, the better it will 
be for all concerned. 

So much for the general arrangement of electron 
guns in multigun tubes. The types we have presented 
are offered simply as a cross section of current practice 
in the industry. Without doubt, special shapes of tubes. 
аз well as special arrangements of guns are being used 
experimentally or in some applications which must 
remain unknown for reasons of national security ; even 
so, the usefulness of what we have shown is not im- 
paired. 


The SplitBeam Tube 


A method of attaining multiple traces in single- 
electrostatic tubes, aside from electronic switching 
which will be described later, is by the split-beam meth- 
d announced by Cossor, a British concern, as early as. 
1939, and presently employed in the scope offered by 
this company. This is a dual-trace scope wherein a 
dual beam is obtained from a single gun by splitting 
the beam prior to deflection, The process is described 
during the analysis of guns and deflection systems. 





CHAPTER 5 
THE ELECTRON GUN 


‘The electric characteristics of the cathode-ray tube 
involve many different items. Most of them are related 
to the conditions of use and are specific in terms of 
‘operating voltages and current. Still other and equally 
significant statistics in this category express the oper- 
ating capabilities of the device. 

It stands to reason that these two are closely allied. 
therefore, any attempt to discuss the subject of electric 
characteristics must be very broad in its coverage. 
There is, however, one subject of discussion which 
seems to be the most important because it has the 
dest influence upon the operating capabilities and is 
inseparably tied to the operating voltages. This is the 
assembly of electrodes known as the electron gun. 

Of the major sections of a cathode-ray tube, the 
electron gun is paramount in determining characteris- 
tics, regardless of type of application or purpose of the 
cathode-ray tube. No matter how the electron beam 
may be used in the tube, or the significance of the trace 
n the screen, the function of the electron gun remains 
‘unchanged. It is independent of all other actions within 
the tube, yet is closely related to each, because it is a 
part of a completely integrated system — the tube as a 
whole. Therefore, the generalities of its design and 
operations are vital to the understanding of not only 
how the cathode-ray tube is used, but also its ability to 
perform specific functions. 

But before discussing the different types of guns, it 
may be well to devote a few minutes to the review of 
some fundamentals of vacuum-tube operation. The 
cathode-ray tube is without question an unusual device, 
yet in many respects it is comparable in operation to 
the ordinary vacuum tube. So that we may start from. 
familiar territory to arrive at understanding of the 
cathode-ray tube, we will review the principles of the 
triode, 














THE TRIODE VACUUM TUBE 


Tn Fig. 5-1 is shown a triode tube using the conven- 
tional vacuum-tube symbols. The electron-emitting. 
cathode is designated as K, and it is indirectly heated 
by the heater, which is not shown. The control grid is 
indicated as G, and the plate is marked P. Since it is 
customary in cathode-ray-tube practice to speak about 


Pj 
6 Fig, 5-1.—Convention- 
al triode vacuum tube, 
А Showing direction of elec- 
t 1 tron flow. 
1% 
= R + 


anodes, and inasmuch as it is likewise proper to refer 
to the plate of an ordinary vacuum tube as an anode, 
the terms plate and anode can be used interchangeably 
in this discussion, 

‘The power-supply voltage divider is represented by 
the resistor X. The location of the cathode tap along 
makes the control grid negative and the plate or anode 
positive with respect to the cathode; this, of course, 
means that the grid is negative with respect to the 
plate. The grid circuit contains provision for feeding a 
signal voltage e, to the control grid in series with the 
fixed bias voltage obtained from the power supply. 
Until this signal is introduced, terminals 1 and 2 are 
assumed shorted by the dotted-line link. Suppose we 
begin the discussion by examining several general 
conditions. 








Cathode Emission in the Triode 


Let us note that electrons leave the cathode at ran- 
dom velocities; some are emitted at high speeds, but by 
far the majority — in fact, we might go so far as to say 
that substantially all leave the emitter at slow speeds. 
It is possible to say that of their own accord, that is, as 
the result of the low velocity of emission, the electrons 
would not travel very far from the cathode. So, with- 
out any force of attraction to pull them away from the 
neighborhood of the emitter, the electrons tend to form 
a cloud of negative charges around the emitter. Re- 
member that the liberation of electrons by the cathode. 
either in the conventional vacuum tube or in the cath- 
ode-ray tube is due to thermal agitation within the 
emitting material and not to the forcible extraction of 
electrons from the cathode by an external attracting 
force. 
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Many of the emitted electrons return to the cathode, 
for, as the emitter loses electrons, it becomes progres- 
sively more positive, since it contains an ever-increas- 
ing number of positive charges. These tend to pull 
some of the near-by electrons back into the cathode. 
Moreover, the electrons which surround the cathode 
are an accumulation of negative charges, and so tend 
to repel each other and any new electrons which are 
emitted by the cathode. If nothing but an electron- 
emitting cathode were contained in an evacuated en- 
velope, there would develop a condition, after emission 
started, when as many electrons would return to the 
cathode from the surrounding cloud of charges as left 
the cathode to join the cloud. 


Енесі ої the Control Grid in the Triode 


The control grid is relatively close to the cathode 
and it is made negative with respect to the emitter. Due 
to this condition, an electrostatic field exists between 
the two elements, which, because of the relative polari- 

ies, has such direction of action as to prevent electrons 

from approaching the grid. Tn other words, the lines of 
force in this field act in a direction toward the cathode, 
and the emitted electrons can travel to the grid only if 
they have sufficient velocity of emission, or if there is 
an added positive field strong enough to override the 
negative one. Since the cathode is continually emitting, 
the space between the grid and cathode becomes full of 
electrons ; ме describe this condition by saying that a 
space charge exists between the elements. 

Duc to the proximity of the control grid to the emit- 
ter, a comparatively small difference of potential be- 
tween the two electrodes can establish a fairly strong 
field, The intensity of the field is a function of the volt- 
age effective on the grid. With c, equal to zero, the. 
voltage effective on the grid is the bias voltage obtained 
from the power supply. But if e, is not zero, the effec- 
tive voltage is either greater or smaller than the bias 
voltage by an amount determined by the magnitude of 
¢, and its polarity relative to the bias voltage. 

The more negative the control grid relative to the 
cathode, the stronger is the repelling field and the fewer 
the number of electrons which approach the grid. This 
‘number may be made so small by means of suitable 
values of grid voltage, that for all practical purposes, 
the movement of electrons to and through the grid may 
be considered zero, Due to the random velocity of the 
emitted charges, some will get to the grid, for it is in 
the path of the electrons advancing toward the highly 
positive anode or plate, which will be discussed shortly. 








This is so even when the grid is negative by a certain 
amount. The less negative the grid, the lower the i 
tensity of the repelling field, and whether or not elec- 
trons can advance past the grid depends on the effect 
of the plate as an attracting influence, 

The reference to electrons reaching the grid is made 
for a definite purpose. If, during the operation of the 
tube, the grid is made somewhat negative relative to 
the cathode, the voltage applied to the plate will cause 
the movement of charges past the grid. Some electrons 
will strike the grid (just as some raindrops may strike 
a wire fence, although most pass through) resulting 
in a small grid current, This happens, remember, even 
when the grid is not positive — its significance is that 
movement of charges will take place, and if the 
circuit resistance is high, which is not the case in the 
example being discussed, the resulting voltage drop 
across the grid-circuit resistance will affect the 
Therefore, the matter of grid-circuit resistance 
portant ; not in the circuit we are discussing, but be- 
cause of circumstances to which we will refer later, and 
because it explains in part why cathode-ray-tube speci- 
fications refer to maximum values of grid-circuit re- 
sistance. This will be mentioned again later, when the 
fundamental electrostatic type of gun is discussed. 

















im- 





Etfect of the Plate in the Triode 


‘The tube envelope also contains the plate, also re- 
ferred to as the anode. This electrode is made very 
positive with respect to the cathode and control grid; 
an electrostatic field, therefore, exists between the plate 
and grid and between the plate and cathode, The plate, 
being positive relative to the cathode and grid, can 
exert an attraction upon the charges in the space cloud, 
tending to pull these charges, through the meshes of the. 
grid, to itself. In other words, the attracting influence 
of the voltage on the plate can accelerate electrons to 
that element ; such movement of charges is called plate 
current. 

The effectiveness of the plate in causing the move- 
ment of charges depends upon numerous variables, 
some of which are electrical in character (the operat- 
ing voltages) and some of which are determined by the 
geometry of the system. These are related to each 
other; but since the tube geometry is fixed, we need 
discuss only the electrical variables. Only these are 
within control of the operator. 

If, for the moment, we neglect the presence of the 
control grid and view the envelope as containing only 
the emitter and the anode, the magnitude of the plate 
current, that is, the number of charges which advance 
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to the plate, is strictly a function of the difference of 
potential between the plate and cathode. The greater 
the voltage applied to the plate, the greater the number 
of charges attracted to the positively charged electrode, 
and the higher is the plate current. (There is a limit, 
when all the emitted electrons are attracted to the 
anode, leaving no space-charge cloud ; this limit occurs 
well beyond the maximum operating value of plate 
current.) Still another effect, and one which is perti- 
nent to the cathode-ray-tube operation, even if not 
especially significant in ordinary vacuum-tube prac- 
tice, isthe velocity of the electrons which constitute the 
plate current. The higher the plate voltage, the higher 
is the terminal velocity of the electrons when they reach 
the plate — which means the higher velocity of the 
electrons during their travel between the space charge 
and the plate. The basis for this was discussed in Chap- 
ter2. 

Unfortunately, the charges do not advance to the 
plate under the influence of the tube plate voltage as a 
ray of electrons, having no cross-sectional size. The 
shape of the tube electrodes gives rise to a stream of 
charges of substantial cross section, as determined by 
the dimensions of the emitting surface as well as the 
dimensions of the plate which the electrons strike. Just 
what we mean is shown in simplified form in Fig. 5-2. 
Despite this type of distribution of the charges in the 
plate current, it is still possible to view the stream of 
electrons as having charge density per unit cross-sec- 
tion area, so that an increase in plate current corre- 
sponds to an increase in the electron density. 











Effect oi the Geld and Plate 

Let us now recognize the presence of the grid and 
analyze the effect when both plate and grid are active. 
We said that when these two electrodes are subjected 


to operating voltages, two fields exist in the tube. We 
also said in a previous chapter that lines of force can- 
not cross each other, so that whatever may be the indi- 
vidual operating voltages applied to these two elec- 
trodes, there comes into being within the tube a com- 
posite field which embraces the effects of the grid and 
the plate. 

With the grid negative with respect to the cathode, 
and closer to it than is the positively charged plate, 
the effect of the grid upon the electrons in the space 
charge is greater than that of the plate. For equal 
changes in potential between the cathode and each of 
the other elements, the effect of the grid is greater by 
a multiple corresponding to the amplification factor of 
the tube ; this factor is determined by the tube's struc- 
tural geometry. In other words, a change of one volt 
on the grid may have as much effect upon the move- 
ment of charges to the plate as a change of 20 volts in 
plate voltage. Thus by the application of a suitable 
negative voltage to the control grid, it is possible to 
completely nullify the attracting influence of the plate, 
regardless of the value of plate voltage. Under such 
conditions, there is no movement of electrons beyond 
the grid, consequently, there is no plate current. The 
tube is then said to be at cutoff. 

The amount of negative grid voltage required to stop 
the flow of plate current is known as cutoff grid volt- 
age. For every value of plate voltage within the usable 
range, as established by the tube manufacturer, there 
is a value of grid bias which will cause plate-current 
cutoff. Obviously, for any value of plate voltage a re- 
duction of the grid bias below the cutoff value, that 
is, making the grid less negative, will cause an increase 
in the plate current. Making the control grid more 
negative than the cutoff value will have no effect since 
plate-current flow has already stopped. 

The electric relationship between control-grid volt- 
age and plate current for one or more values of plate 
voltage can be shown graphically, as in Fig. 5-3. The 
curves illustrate not only the change in plate current 
due to changes in grid voltage but also the required 
grid voltage above cutoff to cause a specified plate 
current, Such a family of curves is very important to 
the designer of equipment, To us it is important be- 
cause it is the type of curve we will discuss later in 
connection with the characteristics of tbe control grid 
in the electron gun. 

Several very interesting comments may be made 
concerning the E,-I, family of curves. First of all, 
such family of curves is not peculiar to triode vacuum 
tubes; as we said before, it resembles very closely the 
grid-drive characteristics of the control grid in the 
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rê vem. 
Fig. $3—E,1, family of curves for 6)5 triode. 


electron gun. As will be seen later, the functions of 
the control grid in the electron gun parallel closely 
the functions of the control grid in the ordinary tube. 

Selecting one of the curves, for example that which 
corresponds to Ey = 100 volts, a grid bias of —6.5 
volts causes plate-current cutoff, whereas a bias of —4 
volts (2 volts above cutoff) raises the plate current to 
approximately 1.5 milliamperes, and with gradually 
decreasing values of negative grid voltage, the plate 
current rises to about 10.6 milliamperes at zero bias. 
Like manner of behavior, except for differences in the 
actual values of grid voltage and plate current, is ex- 
perienced with higher values of Ey; it is evident that 
the higher the plate voltage, the higher must be the 
negative grid voltage to produce plate-current cutoff 
in any one particular type of tube. 

Let us examine this action from a different view- 
point. What do we mean when we talk about various 
values of plate current, or plate-current increase or 


decrease, or plate-current cutoff? Fundamentally, we 
are speaking about the number of electrons which are 
permitted to pass through the meshes of the grid and 
advance to the plate. Although we use units of cur- 
rent, rather than actual electron count to express the 
plate current, it is nevertheless proper to think of the 
plate current as comprising great numbers of indi- 
vidual electrons, Thus no matter what the shape of 
the stream of charges which advances to the plate, 
whether a concentrated beam or a relatively broad and 
deep stream, changes in the number of electrons are 
changes in density, A cardinal function of the control 
grid, therefore, is the control of the number of elec- 
trons in the plate or anode current, or in the density 
of the charge stream. 

There may seem to be a conflict between the func- 
tion of the control grid and the plate because both 
electrodes are associated with the action of controlling 
the number of electrons which form the plate current, 
Actually no such conflict exists. Both electrodes have 
an effect on the plate current, therefore, both display 
an influence on the number of electrons which advance 
to the plate. However, in this respect, the control grid. 
is the main contributor, as demonstrated by the fact 
that the magnitude of its control is very much greater 
than that of the plate, In certain types of tube, such 
as pentodes, the effect of the plate voltage on the value 
of plate current is extremely small, whereas the action 
of the control grid remains very great. Although not 
quite accurately (because each electrode affects the 
other to some extent), we can generally say that the 
control grid determines the number of charges which 
form the plate current, and the plate determines the 
velocity of these charges as they move to the plate. It 
so happens that during the process of ordinary va- 
cuum-tube operation, electron velocity receives very 
little attention, except from the tube designer. The 
user has little interest in it 

In the cathode-ray tube, the conditions are differ- 
ent; electron velocity is important in understanding 
the operation of the tube. Changes in plate current 
have a different meaning. Now it is a matter of beam 
velocity dimensions and trace brilliance, or stated dif- 
ferently, light output. 

Fig. 5-3, it should be noted, indicates no positive 
values of grid voltage. While this grid is always nega- 
tive with respect to the cathode în the case of the pres- 
ent cathode-ray-tube designs, there are a few vacuum 
tubes which are designed to run at zero or slightly 
positive grid bias. 
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Signals on the Control Grid 


Up to this point, the grid was maintained at a cer- 
tain potential relative to the cathode by means of the 
grid bias developed across a portion of R in Fig. 5-1. 
Let us now examine what happens if a voltage e, is 
injected in series with the grid bias at terminals 7 and 
2 in Fig. 5-1. Understandably, the signal voltage e, 
may have either positive or negative polarity and it 
may be of variable amplitude. Being in series with the 
grid bias, it may add to the bias or it may buck the 
bias. In either case, it changes the effective voltage at 
the grid, and in that way determines the effectiveness 
of the plate voltage as well as the space charge. 

If we apply a sine wave of voltage to the grid, the 
grid voltage will vary sinusoidally around a mean 
value established by the fixed bias, and if the value of 
the signal voltage is within prescribed limits, the plate- 
current changes will faithfully follow the changes in 
grid voltage. This is the equivalent of linear amplifi- 
cation as illustrated in Fig. 5-4. 
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5-4.—Signal voltage applied to transfer characteristic of 
атаана cl sho carro 


There is correspondence between the vacuum tube 
and the cathode-ray tube, but the action of signal am- 
plification is not one of them. When analyzing the 
action of the ordinary vacuum tube, we normally con- 
cern ourselves with the waveshape of the plate current 


relative to the waveshape of the grid voltage, In Fig. 
544, the plate current is a faithful reproduction of the 
voltage effective at the grid. In cathode-ray-tube work, 
however, we are concerned with the change in density 
of the beam current as the result of changes in grid 
voltage. Such changes may reduce the beam current 
sufficiently so that the luminosity of the spot on the 
screen is reduced to zero, or there may be such increase. 
from zero beam current as to produce a bright spot. 

Perhaps this groundwork can be better appreciated. 
by reference to Fig. 5-5. IHere normal operation is be- 
yond plate-current cutoff, thus making the tube inop- 


+ erative until the grid voltage becomes less negative 


(but never positive) and allows a flow of plate cur- 
rent. The operating point in the grid circuit is estab- 
lished by the fixed bias, which as can be seen, is beyond 
the cutoff value by an amount which offsets a portion 
of the positive signal voltage, During most of the posi- 
tive half of the signal cycle, the tube remains cut off ; 
then as the positive peak of the input signal is ap- 
proached, the cutoff limit is exceeded and a short 
period of plate-current flow ensues. To say the least, 








5:5;Peaked waveform applied to triode biased beyond 
el rccte ted ect les 


the shape of the curve of plate-current changes is very 
much unlike the shape of the voltage wave on the grid, 
but the desired condition of momentary plate-current 
flow has been achieved. 

The negative half-cycles of the input signal voltage 
have no effect upon the plate current; all they can do 
is make the grid more negative than it was with zero 
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signal voltage. Since plate current was already cut off 
with zero signal voltage, a more negative grid con- 
tributes nothing to the over-all action. 

The possible uses of such a circuit arrangement are 
numerous, as are the possible shapes of the input sig- 
nal voltage. The amount of change in plate current, 
during the moments when the grid voltage is less than 
the cutoff value, may be any value ; determined by the 
circuit, the operating voltages, and the tube in ques- 
tion, All of these conditions are incidental to the prim- 
action wherein, by virtue of a certain shape and 
amplitude of the grid voltage, the flow of plate current 
can be cut off for a specified period of time and be per- 
mitted to exist for another specified period. Moreover, 
the value of the current during its existence — or the 
electron density of the current — likewise may be es- 
tablished as desired. 

By modifying the bias and the waveshape of the 
control voltage applied to the grid, the characteris- 
tics of the plate current are changed, as in Fig. 5-6. 
Instead of having short-duration peaks, the control 
voltage is a square wave. The rise in plate current is 
sudden, even more so than in Fig. 5-5, but now the 
period of current flow is longer. Here too, only the 
positive half-cycles are effective, but unlike the previ- 
‘ous mode of operation, the grid bias is selected so that 
zero signal voltage coincides with plate-current cutoff. 
Plate current flows during the entire positive halí- 
cycle, and has a period substantially that of the time t 
of the positive half-cycle of grid voltage. As before, the 
negative half-cycles contribute nothing to the plate 
current, other than to keep the tube at cutoff. 
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Fig. 5-7.—Negative pulses applied to triode biased at linear 
portion of transfer characteristic, and having sufficient ampli- 
tude to drive grid beyond cutoif, result in distorted plate- 
Current reproduction, 


Whether the signal voltage applied to the control 
grid is sharply peaked and intended to cause an in- 
crease in plate current, or the circuit is so arranged 
that only the negative half-cycle will be effective by 
driving the tube to cutoff or beyond, as in Fig. 
immaterial. That is purely a matter of ci 
and the goal desired. The point is that the ontrol grid 
can be made to control the value of plate current and 
the duration of plate-current flow. 








Modulation of the Plate Current 


The effect oí control-grid voltage variations upon 
the plate current is occasionally referred to as modu- 
lation. This is an extension of the term, as ordinarily 
used in radio, wherein one characteristic (such as fre- 
quency or amplitude) of a carrier wave is varied in 
accordance with an applied signal. In the present case, 
it is the normally constant current which varies 
cording to the applied grid signal. 

Modulation of the plate current can also be accom- 
plished by changing the plate voltage, in which case, 
the variations in plate current will conform with the 
character of the variations in plate voltage. Thus, if a 
source of voltage, having frequency f were placed in 
series with a fixed d-c plate-voltage supply, the tube 
plate current would vary in amplitude at a rate cor- 
responding to the frequency f. The two kinds of modu- 
lation described above are called grid modulation and 
plate modulation, respectively. 
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‘The discussion of the triode just given and the com- 
parison with cathode-ray tubes by no means covers 
all similarities between the cathode-ray tube and the 
usual vacuum tube. There are analogies for several 
other parts and actions, such as the screen grid, but 
the analysis of the cathode-ray tube may be readil: 
understood without further comparison. 


ELECTRON GUNS IN ELECTROSTATIC TUBES 


In order to present, in the most logical order, the 
details about electron guns, the subject will be divided 
into two general parts. The first will deal with elec- 
trostatic types and the second part will analyze the 
varieties employed in electromagnetic-type cathode- 
ray tubes, The only deviation from the organization 
indicated by these remarks is the inclusion of the gas- 
focused type of cathode-ray tube — the first practical 
forerunner of cathode-ray tubes used in radio and 
allied research — among the electrostatic. electron. 


guns, 





The Basic Electron Gun 


For our purposes, the term “basic,” as applied in 
this paragraph heading, signifies that the gun is being 
considered in its crudest form, being sufficient only to 
show the most important principles, Practically, the 
basic gun would be quite unsuited for use in a tube. 

Such a basic gun would consist of an electron-emit- 
ting cathode K, heated either directly or indirectly. 
The tube also would contain an anode in the form 
of a simple disk with an aperture at its center, and a 
screen which will fluoresce when struck by electrons. 
The entire assembly is contained in an evacuated en- 
velope with suitable connecting means for applying 
the required potentials to the different elements. These 
potentials would be available from a power-supply 
source whose voltage divider we will identify as А. 
‘An idea of this arrangement may be had by reference 
to Fig. 5-8. 

The anode, being made positive relative to the 
cathode, will accelerate the emitted electrons toward 
itself, with a velocity determined by the difference of 
potential between the two elements. Because of the con- 
struction of the system, the majority of the electrons 
drawn toward the anode will strike that surface, but 
a few will pass through the aperture, and due to the 
velocity acquired under the influence of the anode 
voltage, will continue on their way and eventually 
strike the screen. Depending on the electron velocity 
and the number of electrons, they may or may not 





Fig. 5-8 —Elementary electron gun consisting of cathode and 


cause fluorescence. Those electrons which leave the 
cathode parallel to and close to the axis will find their 
way through the opening and perhaps strike the screen 
at its center. Those which leave the cathode at small 
angles to the axis also may find their way through the 
anode opening; but because of the angle they made 
with the axis when they left the cathode, their paths 
will diverge from the axis as they travel the distance 
between the cathode and the screen, and they will 
strike the screen at various distances from the center. 

Such an arrangement obviously is ineffective for a 
number of reasons. Even under ideal conditions, the 
smallest diameter of the beam would be equal to the 
diameter of the anode opening. If this were made very 
small so that the undeflected spot on the screen would 
be small, the density of such a beam would be totally 
inadequate because there is no concentration or focus- 
ing. In the meantime, the emission from the cathode 
would be wasted almost completely, because without 
any space-charge control between the cathode and 
plate, the entire cathode surface is emitting to form 
the anode current. 

1f the anode opening were made large in compari- 
son with the diameter of the anode disk, then the 
diameter of the beam would be far too great to be of 
any use, especially if the mutual repulsion between 
the charges could spread them apart. Most certainly 
such a wide beam would be of little use for deflection 
purposes because the trace it would produce on the 
screen would be wide and indistinct. In general, such 
a system is incompatible with modern needs. 

Although quite impractical, this system has the 
merit of illustrating a few of the principles which are 
the basis of the modern electron guns. For example, 
the plate current in the conventional vacuum tube, 
which contains an electron emitter and a plate, cor- 
responds to the current which passes between the 
cathode and the anode as indicated by the arrow. But 
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some of the charges do not terminate on the anode, but 
travel to the screen, so that a new designation for this 
current is required. This is the screen current, or beam 
current, although our personal feeling is that the beam 
current should be considered the aggregate of all the 
charges which leave the cathode for travel through the 
system. For the present, our terminology will be sure 
that the charges which advance to the screen constitute 
the screen current. 

What happens to these charges? At one time it was 
thought that they leaked off the screen and returned to 
point of positive potential, in this case the anode. 
That, however, has been questioned, and the theory 
now accepted is that the screen acts as an emitter of 
secondary electrons as the result of the bombardment 
of the surface by the electron beam. The amount of 
such secondary emission is proportional to the number 
and velocity of the electrons which strike it. These 
secondary electrons then are attracted to the nearest 
point of positive potential, In this connection, let it be 
understood that any subsequent references to the 
movement of charges from the screen to electrodes in 
the tube refer to the secondarily emitted charges. 

Whether the screen current is high in comparison 
with the anode current is simply a matter of how 
many electrons, comparatively speaking, fall upon the 
anode a» compared with those striking the screen. If 
the latter are few in number, whereas the former are 
very many, then the screen current is small and the 
tube current is almost entirely the anode current. 

If the number of electrons striking the screen far 
exceeded the number striking the anode because the 
opening in the anode was very large, then the current 
to the anode would be substantially the screen current. 
This may be difficult to envision in the example being 
considered, but it is nevertheless an important point, 
because of the structure of certain cathode-ray tubes. 
In these types, an element, acting as a “post-deflec~ 
tion” accelerating anode, does not attract electrons 
ut of the beam, but it does receive the electrons which 
strike the screen, or rather are secondarily emitted. 
Thus, the measurement of the current in the post-de- 
flection accelerating circuit is in reality a measurement 
of the screen current; for electrical equilibrium, the 
number of electrons leaving the screen must be exactly 
equal to the number arriving. 

Practically, the velocity of the electrons is deter- 
mined solely by the voltage applied to the anode. The 
temperature of the cathode may determine how many 
electrons are available for acceleration by the positive. 
voltage on the plate, but since the usual emission from 
a heated cathode is at very low velocity, it is the at- 


tracting influence of the voltage on the plate which 
makes them move across a space. The higher this volt- 
age the faster they will move ; likewise, the greater will 
be the number of electrons attracted to the anode per 
unit time, so that the current will be greater. It is the 
velocity, however, which interests us most. Should the 
electrons lack adequate velocity because of low anode 
voltage, they still may be accelerated by the positively 
charged anode, and may travel to the screen, but they 
will not excite the coating and cause fluorescence. On 
the other hand, lacking an adequate number of elec- 
trons, even at high velocity, the beam will not excite 
the screen sufficiently to be useful. So we see that 
cathode temperature and anode voltage influence the 
anode and screen currents ; that anode voltage influ- 
ences the beam velocity and, in that way, the excitation 
of the screen. 


The Electron Gun in the GasFocused Tube 


Present-day design of electron guns is a great de- 
parture from the very simple gun in the gas-focused 
cathode-ray tube introduced by J. B. Johnson in 1922.1 





Connery Dil Telephone Labe. 
Johnson, J. B. “A Low Voltage Cathode Ray Oscillo- 
graph Balt Sy ech, Jour. 42 vol.1, November 1922 
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Yet the Western Electric 224 cathode-ray tube was 
the sensation of its time in research circles. It was the 
first cathode-ray tube used by the writer, and after two 
years of experimentation, we described a cathode-ray 
‘oscillograph for use in the maintenance branch of the 
radio industry. 

In appearance the tube resembled modern types, as 
is shown in Fig. 5-9. Although preceding today's en- 
velopes by almost three decades, its influence in design 
cannot be denied. The assembly of components com- 
prising the tube, with the exception of the screen, is 
shown in Fig. 5-10; the screen, as in present-day 
equipment, was painted on the inside surface of the 
wide portion of the tube. The equivalent schematic 
representation is shown in Fig. 5-11, which we shall 
use for the explanation of the tube and its gun. 





т. 


Courtesy Bell Telephone Labs 





Among the numerous points of difference between 
this tube and those in use today, was the presence of 
an inert gas in the main envelope as a means of focus- 
ing the beam. This alone sets the tube apart from those 
in use today. In fact, ever since about 1930, virtually 
all cathode-ray tubes which have found application in 
research, television, and other fields have been of the 
high-vacuum variety with either electrostatic or elec- 
tromagnetic focusing. 

Since we are concerned mainly with the electron 
gun, let us describe it, making reference to Fig. 5-11. 
The cathode C was an oxide-coated platinum ribbon, 
similar to the flaments used in the famous "E" and 
"^J" type vacuum tubes, which made the name of West- 
ern Electric so well known to radio amateurs shortly 
after World War I. The anode A was a thin platinum 
tube one centimeter long and one millimeter in diam- 
eter, one end of which was about one millimeter from 
the top of the cathode filament loop. The other end was 
directed into the main envelope toward the deflection 
plates and fluorescent screen. Between the anode and 
the cathode there was a metal shield S, with a small 

Rider, J. F., “The Cathode Ray Tube,” Rodio 
igineeríng, pp. 982-966, vol. 7, October 1927. 
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5-11, Schematic representation of Western Electric 224 


Fig, 
sras-focused cathode-ray tul 


‘opening through which the emitted electrons passed 
to the anode opening. 

‘The anode, connected to a positive voltage source, 
accelerated the emitted electrons toward itself, Most 
of them entered the anode tube, but only a compara- 
tively few passed through the full length of the elec- 
trode, eventually to form the electron beam in the 
main envelope. The electrons which left the anode in 
the main envelope were not concentrated into a dense 
beam, due to the comparatively low velocity and be- 
cause of mutual repulsion between the individual 
charges. How these charges were focused into a beam 
will be explained shortly. 

The complete assembly of the cathode, shield, and. 
tubular anode was sealed within a glass housing, lo- 
cated above the glass stem, as shown in Fig. 5-10. The 
anode protruded through the sealed glass housing into 
the main envelope. These parts constituted the com- 
plete gun assembly. 

The use of gas for focusing is an interesting phe- 
nomenon, which depends upon the difference in mo- 
bility of electrons and positive ions. A positive ion is 
an atom which is deficient in electrons, and therefore, 
bears a preponderance of positive charges. After 
‘evacuation of the envelope so that a high vacuum ex- 
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isted, a small amount of gas such as argon, at a pres- 
sure of a few thousandths of a millimeter of mercury, 
was introduced. At this gas pressure, the dimension 
of the spot which appeared upon the screen was con- 
trollable to about one millimeter in diameter. Without 
this gas, that is, with just the high vacuum in the tube, 
the dimension of the beam incident on the screen 
would have produced a luminous spot about one cen- 
timeter in diameter, or ten times as wide. 

Because of the action of the positive voltage applied 
to the anode, an initial, though not concentrated, beam 
of electrons was available from the opening of the 
anode. In the absence of gas in the tube, the mutual 
repulsion between these slow-moving electrons (about 
6,000 miles per second ) would be sufficient, during the 
time required to travel from the anode to the screen, 
to spread the beam sufficiently to make the tube use- 
less. The argon gas present in the envelope counter- 
acted the tendency toward spreading of the electron 
stream by being active in forming an electrostatic field, 
radially directed toward the line of travel of the beam 
electrons, 

This radial field was the result of excess of positive 
charges in the electron stream and an excess of nega- 
tive charges in the space outside the beam. Such a 
distribution of charges was produced by some of the 
electrons of the stream passing through the gas and 
colliding with gas molecules, thus ionizing them by 
dislodging electrons from the atoms. Both the collid- 
ing electrons and the secondary electrons left the beam, 
but the heavy positive ions received very little velocity 
from the impact and drifted out of the beam with only 
their own comparatively low thermal velocity. Positive 
ions, therefore, accumulated along the length of the 
‘stream and exceeded in number the passing negative 
charges. At the same time, electrons were moving at 
random outside the stream, producing a negative 
charge in that area. There then developed a field sur- 
rounding the stream which tended to pull the electrons 
inward, If there were only the mutual repulsion be- 
tween the electrons for which to compensate, this 
would be done when the number of positive ions in the 
beam equaled the number of electrons. But there was, 
in addition, the original divergence of the beam which 
had to be overcome. This was successfully accom- 
plished by arranging that for the gas pressure used, a 
certain electron emission occurred, which was con- 
trollable by means of the filament rheostat. 

To prevent damage to the cathode by positive-ion 
bombardment, the emitting portion of the filament was 
formed into a loop which had a diameter somewhat 
greater than the diameter of the aperture in the shield. 











In this way, the sensitive emitting surface was kept 
cout of the path of the positive ions, which, as they 
drifted down the anode opening, would move past the 
active part of the filament, Thus, if they did strike the 
filament, they did so at an inactive point. 

Obviously, the gas was doing that which presently 
is being accomplished by means of electron lenses, and 
the radial field previously mentioned was, in fact, an 
electrostatic field. The only variable control which was 
found in the gas-focused tube system was the rheostat 
that controlled the cathode temperature. The adjust- 
ment of the cathode emission served a dual purpose, 
varying the intensity of the spot as well as its focus, 
Both were accomplished simultaneously because there. 
was a critical emission level at which the stream was 
most dense, yet focused at the distance where the 
screen was located. Increasing the emission beyond 
the critical point for a certain tube geometry resulted 
in bringing the electrons to a focus in a shorter di 
tance. 

OF interest, also, was the frequency limit imposed 
оп the utility of the tube because of the time required 
for proper ionization. Experiment disclosed that this 
time was about one microsecond, so that the frequency 
of the deflection voltages was limited to less than 
1,000,000 cps. At this frequency, fuzziness of the trace 
developed, whereas at about 100,000 eps or slightly 
higher, the trace was still sharp, 








The Triode Electron Gun 


The triode electron gun is not the simplest used in. 
practice, but it was the standard type in electrostatic. 
cathode-ray tubes for many years, up to and including 
the recent war years. It has been replaced by modified 
versions, but it still can serve as a means of compari- 
son. In fact, some of the tubes which employed it are 
still available so that it justifies description, if only on 
that account. It is the type of gun usually found in 
carly cathode-ray tubes which bear type numbers with- 
out the suffix letter 4. As an example, the 902 employs 
a triode gun, whereas the 902-A employs a different 
type which will be described subsequently. 

‘The triode gun is an assembly of electrodes as shown. 
in Fig. 5-12A. This is a typical assembly showing 
relative positions of the elements along with their di- 
mensions and those of the apertures and element spac- 
ing. The gun consists of an indirectly heated cathode 
K, which is in the form of a cylinder closed off at one. 
end by means of a plate. This plate is coated with 
barium or strontium oxide, materials which are pro- 
fuse emitters of electrons at comparatively low tem- 
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means of a heater clement ; this is not shown, but is 
contained within the cathode cylinder and separated 
from it by a heat-conducting ceramic sleevé. 

Surrounding the cathode is a cylinder G which has 
a baffle containing a tiny aperture at its center. While 
this cylinder as a whole is normally identified as the 
control grid, specifically, the baffle with its opening is 
the actual control grid. The remainder of the grid cyl- 
inder acts as a shield around the cathode. The grid 
aperture is smaller than the emitting surface, and the 
spacing between the control-grid aperture and the 
cathode emitting surface likewise is very small. A de- 
tail drawing of the cathode-to-grid spacing is shown 
in Fig. 5-12B. 

Facing the control grid is the first-anode cylinder, 
designated A1. Physically. itis coaxially symmetrical 
with the control-grid cylinder and contains several 
baffles, each with an aperture at its center. This elec- 
trode, in conjunction with the control grid, forms the 
cathode lens, sometimes referred to as the first focus- 
ing lens. It is responsible for the formation of the first 
cross-over point. 
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of triode electrostatic electron gun used in 3GP- and SLP- 
view of cathode-to-grid spacing. Dimensions are in 


Adjacent to anode 1 is another cylinder designated 
А2, the second or accelerating anode. This structure is 
‘coaxially symmetrical with anode 1 and has two 
baffles, each with an aperture at its center. An exten- 
sion of anode 2 exists in the form of a conducting coat- 
ing on the inside of the envelope, extending from the 
approximate limit of the anode cylinder in the gun 
almost to the screen of the tube. This arrangement is 
standard practice in electrostatic tubes. The second- 
anode cylinder and the extension on the inside of the 
envelope are connected to each other by means of a 
“spider” arrangement of electrically conducting spring 
contacts which are mounted on the gun assembly. 

‘Anode 2 serves a dual purpose. It is the accelerating 
anode whereby the final velocity is imparted to the 
emitted electrons so that they will traverse the entire 
system and advance to the screen ; and the combination 
of anodes 1 and 2, at that point where they face each 
other, constitutes the principal focusing lens. 

‘The defection plates, D1-D2 and D3-D4, are also 
shown on the drawing of Fig. 5-12A. Strictly speak- 
ing, these elements are not part of the electron gun. 
However, because of manufacturing convenience, they 
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Fig. 5-13.—Sectional view of triode electrostatic electron 
gun. are in inches, 


are assembled on the gun structure, and are illustrated 
here in order to show their relative positions with re- 
spect to the gun elements, An assembly view of this 
typical triode gun appears in Fig. 5-13. In Fig. 5-14 is 
shown the stem and heater assembly. The criss-cross- 
wound heater fits into the opening of the cathode cylin- 
der. A side view of the completed gun, showing the 
spider-shaped assembly of contacts whereby the sec- 
ond-anode cylinder and the coated extension of that 
electrode join each other, is illustrated in Fig. 5-15. 
This method of electrically connecting the cylinder to 
the painted coating extension of the anode is standard 
in all electrostatic tubes. 

The electrical function of the different electrodes will. 
become more understandable when we analyze the 


HEATER TABS 





Courtesy Du Mont Labe, 


Fig. 5-14—Press seal and heater assembly of electrostatic 
electron gun. 


electric circuit shown in Fig. $-16. The power-supply 
source for all the operating voltages is designated as 
R, this element being the voltage divider across the 
output of the power unit. One end of the divider is 
maximum negative and the other is maximum posi- 
tive. The latter point is the source of the voltage ap- 
plied to the accelerating anode and is fired in poten- 
tial; this fact should be borne in mind for future refer- 
ence. 

Anode 1 is connected to a point on the power sup- 
ply, about one-quarter of the voltage applied to anode 
2. Anode 1, therefore, is negative relative to anode 2, 
but positive with respect to the cathode and the con- 
trol grid. Since the voltage applied to anode 1 is em- 
ployed for focusing control, this voltage lead is shown 
affording a variable voltage. The power-supply con- 
nection to the cathode is made at some point which 
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makes this electrode negative relative to the two 
anodes, but positive relative to the control grid. The 
cathode also is connected to one side or to the center 
tap of the heater supply. 


The control grid is made negative relative to the 
cathode by connecting the electrode to a more negative. 
point along the power-supply divider. A variable volt- 
age is required at the grid since the main function is to 
afford control of the density of the beam, therefore, a 
variable tap on the divider is the source of voltage. 
However, the polarity of the grid must always remain 
negative relative to the cathode. 





Fig. 5-16—Schematic representation of triode electrostatic 
electron gun. 





Examining Fig. 5- clear that the gun system. 
is composed of four principal electrodes, exclusive of 
the heater ; the cathode, the control grid, anode 1, and 
anode 2. Yet for some reason, the system is known as 
a triode gun. Since anode 1 also contributes to the 
acceleration of the emitted electrons, at least into the 
first lens area, the first three electrodes in the system 
may be the basis for the manner of typing this gun, 


Analysis of the Triode Electron Gun 


It is here that we refer back to the fundamentals of 
the triode vacuum tube. Not every action of the triode 
is paralleled in the electron gun, but certain principles 
of electrostatics are applicable to both. The matter of 
electrical circuitry, especially the movement of charges 
in the system, follows closely. In fact it might be well 
if we opened the discussion of the triode gun by ex- 
amination of the current paths, as shown in Fig. 5-16. 





not every emitted electron which finds its way through 
the control-grid aperture eventually reaches the 
screen, In fact, in most electrostatic tubes, the final 
beam current, or screen current, is only a small frac- 
tion of that which passes through the control-grid 


opening. No matter how well the electron lenses per- 
form, the formation of a dense beam which will pro- 
duce a bright spot of small diameter requires that stray 
electrons which are not tightly packed in the beam be 
blocked off from the deflection area and prevented 
from reaching the screen. 

The baffles in anode 2 also contribute to restricting. 
the boundaries of the beam so that what passes through 
the last aperture will be properly centered between the 
deflection plates. Under the circumstances, some of 
the electrons which are accelerated toward the screen 
by anodes 1 and 2 will be blocked by the baffles. Since 
the movement of charges between any two points is 
electric current, anode current exists between the 
cathode and anode 1, and between the cathode and 
anode 2. These arc shown by the arrows adjacent to 
the voltage supply leads, The current flowing in the 
first-anode-cathode circuit is by far the greater of the 
two. There is no means of measuring the screen cur- 
rent in this case, and since the secondary emission 
from the screen finds its way back to anode 2, the 
second-anode current includes the screen current. 


Action of Electrodes in the Triode Gun 


The cathode K in Fig. 5-16 emits electrons due to 
thermal agitation of the coating material. Since this 
coating is located at one particular place on the surface 
of the cathode — facing the control-grid aperture — 
principal emission takes place in a forward direction 
from this surface. Because of the shape of the cathode, 
emission is not from a point source, so that while it is 
generally in a forward direction, it takes place in a 
random manner. Some of the electrons leave the ca- 
thode parallel to the axis, but off to onc side. Some of 
them, on the other hand, leave at various angles to the 
axis, and still others are along the axis. 

Moreover, the velocity of emission varies. Some of 
the electrons leave the cathode at high speed, but the. 
majority are low-velocity charges. We might go so far 
as to say that the initial velocity of the emitted electron 
is substantially zero and any forward motion after 
they have left the cathode is attributable to accelera- 
tion by the voltages applied to anode 1. 

So, for the present, let us act on the assumption that 
the positive voltage applied to anode 1 is responsible 
for the forward motion of the electron toward anode 1 
in opposition to the negative voltage present at the 
control grid. Of course, electrons which are pulled into 
the first focusing field, and then through anode 1, are 











being accelerated toward the screen by the positive 
voltage which is applied to anode 2, This voltage not 
only contributes to the forward motion of the electrons, 
but also is actually the main accelerating factor. It is 
the voltage on anode 2 which imparts the final push to 
the electrons so that they arrive at the screen with suffi 
cient velocity to excite the molecules of screen mate- 
rial, causing fluorescence. 

Because of what will follow, it is well to stress cer- 
tain pertinent conditions. The development of the first. 
cross-over point is a function of the electrostatic field 
between thc control grid and anode 1. Granting that 
this statement is broad in its implications, it is still 
necessary to say that any changes in potential within 
this field will have a material effect on the movement 
of charges into and through the first lens, We saw in 
Chapter 2 that the contour of the equipotential lines in 
an electrostatic field which is acting on electrons has a 
very great effect upon the paths taken by these elec- 
trons, Moreover, we recall in connection with the 
triode that both the voltage on the grid and the voltage 
on the plate have a great effect on the number of elec- 
trons which become the plate current. 

Finally, the action in the main focusing lens formed. 
by anodes 1 and 2 is determined by the ratio of the 
voltages applied to these electrodes; any change 
ther of these voltages will alter the ratio, and there- 
fore, the focal point of this lens. In practice, focusing 
is accomplished by varying the first-anode voltage un- 
til the first cross-over point is imagined on the screen. 
Since the first anode also is associated with the first 
Jens, changing its voltage cannot help but affect the 
two-lens systems of which it is a part. It stands to 
reason, then, that manipulation of the focusing ad- 
justment is a compromise of two variables, until the 
best possible result is attained. 

















Effect of the Control Grid 


Assuming for the moment that a beam of electrons 
exists, having a certain density and producing a spot 
with a certain light output on the screen, let us return 
to the control grid and note what effects it may have 
оп the beam, Because of the premise that the beam ex- 
ists, the voltage on the grid is some value above cutoff, 
(Referring to a less negative voltage in this manner 
is common tube practice. A voltage change which 
would make the control grid more negative than re- 
quired for cutoff, would be described as a value below 
or beyond cutoff.) 
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Being very close to the cathode (0.007 inch in the 
‘case of the typical triode gun in Fig. 5-12), the control. 
grid is capable of exerting a very great influence upon 
the movement of charges. For example, in one case a 
negative bias as low as —45 volts is sufficient to offset 
completely the attracting influence of 375 volts on 
anode | and 1,500 volts on anode 2. Other tubes, 
naturally, may have different values of cutoff bias. At 
any rate, every cathode-ray tube has a specific grid- 
bias voltage which will produce beam-current cutoff 
for specific values of first-anode and second-anode 
voltages. The relationship between cutoff bias and sec- 


ond-anode voltage is linear in most electrostatic tubes. . 


For any value of grid bias less negative than cutoff for 
the existing conditions, some beam current will flow. 

In this connection, itis necessary to return to a very 
important point relative to conditions around the con- 
trol grid. A negative voltage applied to the grid will 
display а great effect on the movement of electrons to 
and past the grid. However, this does not mean that 
electrons cannot reach the grid. As the consequence of 
the random velocity of emission, electrons can travel 
to the grid even in the absence of the accelerating volt- 
ages on the anodes, Electrons will reach the grid even 
when that electrode is made negative, thus giving rise 
toa slight grid current, 
tation on the resistance in the grid-to-cathode circui 









because the grid current flowing through the circuit 
resistance will tend to increase the bias, and alter the 
performance of the grid electrode. Because of this cir- 
cumstance, tube specifications indicate the maximum 
allowable circuit resistance during operation. 

When tube specifications indicate maximum allow- 





in this circuit and the voltage drop developed across 
the circuit resistance. When the tube is operated wi 

a signal voltage "riding" on the grid bias, which 
tended to influence the beam intensity in a specific 
manner, the effective grid voltage varies between some 
value above cutoff and zero, but it never is permitted 
to swing positive. 

To be more specific about the action of the control 
grid, we might ascribe two basic functions to it. Al- 
though these were mentioned in connection with the 
triode tube, and find a parallel in the triode gun, they 
are also to be considered as applicable to every type 
of gun, Both are closely allied to the number of elec- 
trons which enter the first lens, and therefore, affect 
this formation of the first cross-over point and the 
density of the beam. 

A change in grid voltage influences the field dis- 
tribution of the first lens, and in so doing controls the 
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Fig, 5-17.—Field distribution in first lens for two values of. 
arid bias. 
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emission from the cathode. For any fixed value of 
voltage applied to anode 1, it influences the number of 
electrons which pass through the cross-over point, Let 
ч» see how this comes about, In Fig. 5-17 is shown the 
field distribution in the first lens for two values of grid 
bias, 0 and —30 volts, and a fixed value of voltage on 
the plate.” It is clearly evident that with zero bias, the 
area adjacent to the cathode, between the cathode and 
the control-grid aperture, has a comparatively high 
positive potential as the consequence of the field be- 
tween the control grid and the first anode. Under such 
conditions of zero grid voltage, it has been found that 
the arca of the cathode which is emitting corresponds 
approximately to a projection of the area of the grid 
aperture ; the maximum number of electrons are pass- 
ing through the grid opening and the beam-current 
density is high.“ 

When the control grid is made negative by an in- 
crease in the bias, —30 volts in the illustration, the. 
field distribution in the vicinity of the cathode is altered 
so that only the center of the emitting surface is behav- , 
ing as an emitter. The other areas are influenced by 
the space charge and effectively are not emitting. The 
result is a reduction in beam density and several other 
related effects. 

Now, an unexpected condition which accompanies 
the increase in grid bias is a slight increase in the di- 
mension of the first cross-over point over a range of 
bias voltages slightiy above the cutoff value. This is 
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related to the trajectories (individual paths) of the 
electrons emitted from the outer limits of the emitting. 
area, and introduces another aspect which must be 
considered. 

If the dimensions of the cross-over point change, we 
can say that it is the equivalent of a change in the 
sharpness of the spot, which later is imaged on the 
screen by the main focusing lens. The performance of 
the main focusing lens is not influenced by changes in 
control-grid bias, and the image it will produce on the 
screen is essentially that which exists at the cross-over 
point. If for any reason, this narrowest part of the beam 
is not well defined, the spot on the screen, which is the 
image of the cross-over point, also will suffer in defi- 
nition, This is similar to the photographic case, where 
ап out-of-focus negative is enlarged ; no enlarging lens 
can possibly restore the lost sharpness. We might add 
that, as the result of the change in field distribution of 
the first lens, due to the change in bias, the location of 
the cross-over point alo i» shifted slightly. 

Since the voltages applied to anodes 1 and 2 are 
not affected by the grid bias, the focusing action of the 
main lens remains the same for the proper location of 
the first cross-over point, as well as for an improper 
location of this point. Proper focusing by a lens calls 
for certain specific relations between the distance of 
the object point and the distance of the image point, 
both measured from the lens. For proper relationship. 
of the distances, the lens will focus the object to form 
the image. But if the image distance is held constant 
and the distance to the object is changed, the image no 
longer will be in focus. 

It is because of the change in definition and the 
slight change in the position of the cross-over point, 
caused by a change in bias, that changing the "intens- 
ity" control of a triode gun system requires a slight 
change in the “focus” control, which varies the first- 
anode voltage. This action was in part responsible for 
the obsolescence of the triode gun and the development 
of other types. 

Summarizing, and overlooking the undesirable ef- 
fects, the action of the control grid is the control of 
beam density, which results in changes in the intensity 
of the trace on the screen. The two extremes of trace 
intensity are total extinction of the beam at cutoff, and 
the specified brilliance of the trace at those values of 
voltage specified by the tube manufacturer. 

‘Changing the intensity of the trace by the application 
of a signal voltage to the grid is known as “intensity 
modulation” of the beam. The types of signals usually 
"used for such operations resemble those which were 
shown as being applied to the control grid of the triode, 











as in Figs. 5-4 through 5-7. The shape of the intensity 
control signal is dependent on the manner in which the 
intensity is to be changed and the frequency of the sig- 
nal determines the rate at which the intensity is varied. 


Effect of First-Anode Voltage 


Another problem encountered with the triode gun 
was related to the voltage applied to anode 1, the volt- 
age being determined by the setting of the focus con- 
trol, Because of the discussion of the practical electro- 
static focusing system in Chapter 2, itis unnecessary at 
this time to dwell at great length upon the purpose of. 
the first-anode voltage. This voltage, in conjunction 
with the voltage on the grid, establishes the field of the 
first lens; it also accelerates the charges through the 
control-grid aperture into the first-anode area and to- 
ward anode 2, where the second-anode voltage becomes. 
effective. Finally, the field due to the first-anode and 
second-anode voltages applied to the two respective 
electrodes, forms the principal focusing lens. 

Assuming that the voltage applied to the control 
grid is maintained constant, a change in first-anode 
voltage alters the ratio between the voltages applied 
to anodes 1 and 2, and changes the characteristics of 
the focusing lens formed between these two electrodes, 
‘Thus, varying this voltage provides focusing control. 
‘The same result could be obtained by varying the 
second-anode voltage, but if that were done, then both 
focusing and the acceleration would be changed, an un- 
desirable condition. Moreover, since the first-anode 
voltage is the lower of the two, it is more convenient to 
work with it. 

In case itis not fully understood from what was said 
in Chapter 2, the action of focusing by means of lens 2, 
controlled by the anode voltage, is a compromise func- 
tion — an operation whereby the characteristics of lens 
2 are modified in accordance with the changes in the 
first cross-over which it also affects, so that the image 
focal point of the lens will fall upon the screen. 

Having mentioned the desired functions of anode 1 
and its voltage, let us now consider several undesirable 
effects occasioned hy variation of the first-anode volt- 
age. These effects were among the causes of develop- 
ment of new types of guns, considerably modified from 
the triode gun. Since the first-anode voltage is common 
to both lens 1 and lens 2, it is understandable that any 
variation in that voltage, so as to effect the proper 
focus, would have an influence on the distribution of 
the field between the control grid and anode 1, and 
therefore, upon the characteristics of the cathode lens. 
This is so because the first-anode voltage affects the 
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number of electrons which are pulled through the con- 
trol-grid aperture, changing the density of the beam. 
Since varying the focus in the triode gun also changes 
the beam density, the brightness of the trace on the 
screen is affected. There are other effects, also, but this 
type of interaction between the control grid and the 
anode 1, as well as the converse effect of the control 
grid on focusing when the grid bias was varied, proved 
to be a nuisance, as every user of a triode-gun cathode- 
ray tube can well remember, 

Good regulation in the power supply so as to mini- 
mize defocusing because of changes in first-anode volt- 
age due to line-voltage loading, etc., was complicated 
by two related details which functioned in opposite 
directions. One of these was the condition that opti- 
mum focusing required a slight reduction in the first- 
anode voltage with increase in beam density, yet this. 
could not be done if the regulation were sufficiently 
good to keep the first-anode voltage constant under 
varying load, Moreover, variations from tube to tube 
required a manual control of focusing, even for slight 
changes in beam intensity. The result was the develop- 
ment of the tetrode gun. 








The Tetrode Gun 


This type of gun was used during World War II and 
bears several different names. It is known as the tet- 
rode, the pre-accelerator or sometimes the accelerator 
type, or as the screen-grid type. All, however, mean the 
same thing, namely that a screen-grid electrode (des- 
ignated G2 to distinguish it from G1, the control grid) 
is interposed between the control grid and anode 1, and 
performs several functions. Otherwise, the elements 
were the same as found in the original triode gun, ex- 
‘cept for changes in the physical dimensions. Although 
the added electrode improved the characteristics of the 
gun, it still was not ideal. 





The electric circuit of the tetrode gun is shown in 
Fig. 5-18. The screen grid, or pre-accelerator elec- 
trode, G2 is directly connected to anode 2, resulting in 
several effects. First, the higher potential of the elec- 
trode following the control grid accelerates the elec- 
trons to a potential equal to that of the second anode. 
This makes for a denser beam, since more current is 
drawn from the cathode at any rated value of control- 
grid voltage than in the case of the triode, for like 
values of second-anode grid voltage. Another result is. 
a smaller diameter of the beam, because of a smaller 
first cross-over. Thus, a smaller and brighter spot is 
‘produced on the screen of the tube. 

Still another effect is the elimination of interaction 
between the control grid and the first anode. Changes 
the potential of the focusing anode do not influence 
the field responsible for the first cross-over, since now 
this field exists between the control grid and the pre- 
accelerator grid, which is at a constant potential, 
‘Therefore, changes in the focusing voltage do not 
change the beam density ; all that is affected is the ratio 
of voltages applied to anodes 1 and 2. 

A detail drawing of a typical tetrode gun is shown 
in Fig. 5-19, in which the screen grid can be seen to be 
avery shallow disk. The constructional features of the 
gun and the mounting of the electrodes are more 
clearly illustrated in Fig. 5-20, 
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Fig. 5-20—Sectional view of tetrode electrostatic electron 
gun. 


Although an improvement over the triode, the pre- 
accelerator type of electrostatic gun is not the final 
development. Tt was modified because of the current 
drain of the first, or focusing, anode. Although the 
effects of changes in first-anode voltage are less serious 
in the tetrode type of gun, it is nevertheless necessary 
to have good regulation in the power supply. In fact, 
the very existence of current drain by the focusing 
anode resulted in a waste of power, which was aggra- 
vated in this design, as in the triode, by the need for a 
bleeder of comparatively low resistance across the 
power supply. Eventually, there was a change in the 
design of the gun, which produced the zero-first-anode- 
current type. 


‘The Zero-FirstAnode-Current Gun 


The main advantage of this type of gun is, as its 
name implies, the elimination of any current drain by 
the focusing anode. The gun was first introduced by 
RCA about 1937 ; its use in certain cathode-ray tubes. 
which originally used a triode or tetrode gun, is indi- 
cated by the presence of a suffix letter “A” after the 
regular type number. Schematically, the gun is as 





Fig 5.21—Schematic representation of zero-first-anode- 
current electrostatic electron gun. 


shown in Fig. 5-21. The electrical connections are the 
same as in the screen-grid type. 

Fig. 5-22 shows the physical construction of the 
gun: it can be scen that the spacing between the cath- 
ойе K and the control grid G7 was materially reduced. 
‘The pre-accelerator grid G2 was changed from a shal- 
low to a long cylinder containing a masking baffle, ancl 
the original long-cylinder focusing anode 4 was mod- 

ied to a comparatively short cylinder without any 
baffies. The accelerating anode 42 was changed to a 
cylinder containing a single aperture baffle, 

Relative to the beam, several advantages are gained. 
First the beam is made narrower before it enters the 
focusing area. This can be noted by comparing the 
electron paths in Figs, 5-18 and 5-21. Second, the 
stray electrons in the beam, which might tend to 
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Fig. 5-22—Dimensional drawing of zero-first-anode-current 

P-A cathode-ray tube. En- 
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broaden the spot, are prevented from entering the 
second-anode area and passing through its aperture. 
Third, since the focusing anode contains no baffles and 
the limits of the beam are fairly well confined while 
passing through that electrode, the surface of the focus- 
ing anode does not intercept any electrons, hence draws 
no current. 
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ig. 5-23.—Sectional view of zero-frst-anode-current elec- 
trostatic electron gua. Dimensions are in inches. 


Since the design features of the gun in the neighbor- 
hood of the control grid are like those of the pre- 
accelerator type, freedom from interaction between 
the control grid and the focusing anode exists. The 
assembly of a typical zero-first-anode-current gun is 
illustrated in Fig. 5-23, and an enlarged view of the 
cathode assembly showing the arrangement of the 
heater is illustrated in Fig. 5-24. Except for the dimen- 
sions, the relative positions of the heater element and 
the remainder of the cathode assembly apply to the pre- 
vious types of electrostatic gun assemblies. 

Concerning the constructional illustrations of elec- 
trostatic guns as shown herein, it must be noted that 
the dimensions apply to the product of the specific 
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Fig, $-24.—Sectional view of grid and cathode assembly of 
zerovhrsteanode-current electrostatic. electron gun used in 
SBP-A cathode-ray tube. Dimensions are in inches. 





manufacturer indicated, Other manufacturers’ prod- 
ucts may perform in a standard manner, but the actual 
‘constructional details for similar types of tubes may be 
somewhat different. We have attempted to show only 
typical examples of such details. 


Fixed-Focus Gun 


A modification of the fundamental triode gun which 
more readily keeps the focus fixed, or at least mini- 
mizes the number of variables which will affect the 
focusing of the beam, is described by Iams* and is 
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shown in Fig. 5-25. The focus is made independent of 
anode voltage by using, for the electron lens, elec- 
trodes at cathode potential and at a common anode po- 
tential. In this case, the electrons from the cathode are 
controlled and accelerated into the anode region just 
as in the original triode gun shown in Fig. 5-16. The 
combination of electrostatic fields between the focusing 
electrode and the sections of the anode (anode 1 and 
2) gives to the outermost electrons of the bundle a 
greater velocity toward the tube axis than is given to 
the electrons within the bundle. When the length of the 
focusing electrode is great, or its diameter small, the 
beam is brought to a focus at any desired distance from 
the gun. 

Once the electron beam has been focused in this way, 
it remains focused regardless of the anode voltage ap- 
plied. This fact may be understood by regarding the 
electrostatic focusing field as a means of deflecting the 
electrons in the beam so that all meet at one point. In 
the fixed focus electron gun, the focusing field occurs 
between electrodes at cathode and anode potentials. 
For a given angle of deflection, the field required is. 
directly proportional to the voltage through which the 
electrons have been accelerated. The fied deflecting the. 
electrons to the point of focus increases linearly with 
the anode voltage, Hence, the path of an electron mov- 
ing under the influence of the focusing fields in the elec- 
tron gun is unique regardless of the anode voltage. 











Intensifier Anode 

On several occasions, reference has been made to the 
intensifier or post-deflection acceleration anode. Al- 
though not a part of the gun and more intimately asso- 
ciated with the deflection system than with the gun, it 
does have a logical connection with the second anode, 
especially in connection with the ratio between the 
voltages of anode 2 and the intensifier ring. 

‘One of the problems encountered in the operation of 
the cathode-ray tube is that of obtaining sufficient trace 
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brilliancy. Certain uses demand an exceedingly bright 
trace for daylight viewing or for projection purposes. 
This is not limited to television applications but often 
isa requirement in laboratory or classroom demonstra- 
tion equipment. 

‘The determination of beam vel the function 
of the second-anode voltage ; the higher this potential, 
the higher i» the energy conveyed by the moving 
charges, and consequently, the higher the brilliancy of 
the trace on the screen of the tube. However, there is 
‘one disadvantage. The location of the second anode is 
ahead of the deflection system in the tube, as indicated 
in Figs. 5-26 and 5-27. If the electrons in the beam are 
given sufficient velocity by the second-anode voltage 
to strike the screen with the necessary force to produce 
a very bright trace, they travel through the deflection 
arca at a very high velocity. Since deflection voltages. 
must increase as the electron velocity becomes higher, 
the development of the deflection amplifiers may pre- 
sent undue complications. The use of a high-intensity 
‘beam restricts the usefulness of the tube, because the 
sensitivity to deflection voltages is materially reduced. 
‘A means for producing the required trace intensity 
without decreasing the deflection sensitivity is by the 
use of post-deflection acceleration. In this arrange- 
ment, the velocity of the beam is increased by the appli- 
cation of a high voltage Eys to the intensifier anode, 
after the electrons have been deflected. In contrast, 
the normal condition in most electrostatic cathode- 
ray tubes is high acceleration of the beam prior to 
deflection. 

Theabove statement may seem to imply that the tube. 
having an intensifier anode, for post-deflection acceler- 
ation, does not contain the conventional second anode. 
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The usual second anode is used, however, except that. 
the voltage applied to it is not as high as would other- 
wise be required to produce the required trace inten- 
sity; in that way, the deflection sensitivity is kept as 
high as possible. For providing additional acceleration 
to the electrons, after deflection, the intensifier anode 
is used; it is located in the region between the deflec- 
tion plates and the screen of the tube. 

t might appear from the above that post-deflection 
acceleration affords only advantages, thereby making 
the tube which does not utilize this system inferior to 
one that does. Such is not the case, The intensifier 
anode requires a higher voltage source than would 
otherwise be necessary, or perhaps a separate power 
supply. This adds to the cost, but if the need for sensi- 
tivity and trace brilliance cannot be satisfied with the 
conventional tube, then post-deflection acceleration 
becomes necessary. 

The other side of the story is that the use of post- 
deflection acceleration tends to cause a slight amount 
Of distortion in the spot, which is, however, kept to an 
acceptable minimum by keeping the ratio of Eys/Eys — 
2 or thereabouts, Exceeding this limit in tubes not in- 
tended for such operation gives rise to undesirable ef- 
fects, described in the section of this chapter which 
deals with operating voltages. 

‘These post-deflection accelerating anodes are rings 
or wide bands of electrically conductive material 
painted on the inside surface of the envelope. They are. 
insulated by a gap from the extension of the second 
anode, which is similarly applied to the inner surface of 
the envelope, extending as a rule from the location of 
the second anode in the gun, almost to the screen of the 
tube, When the tube utilizes but one intensifier ring, 
it is located between the deflection area and the screen, 
nearer to the screen, In those cases where several such 
rings are used (Fig. 5-27), they are concentrically ar- 
ranged on the inside wall, each ring insulated from the 
other and each being at a progressively higher voltage. 
‘These rings are insulated from the coated extension of 
the second anode which, in this case, would terminate 
below the first intensifier anode coating, but each ring 
is joined to the other by a very high resistance coating 
inside of the tube. The distribution of progressively 
higher intensifier anode voltages to the different anodes 
is made as shown in Fig. 5-27. 

Due tots location, the intensifier anode (or anodes), 
receives the secondary emission from the screen ; since 
it does not attract electrons from the high velocity 
beam which passes it, the current in the intensifier-to- 
cathode circuit is considered to be the screen current. 
Connection to the intensifier ring or rings is made by 
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way of connecting terminals which protrude through 
the envelope. 


ELECTRON GUNS IN 
ELECTROMAGNETIC TUBES 


Electron guns used in magnetic-type tubes are simi- 
lar in many respects to the electrostatic variety, yet 
there are, naturally, points of dissimilarity. Like the 
electrostatic type, the magnetic tube gun requires an 
electron beam for its operation and since the produc- 
tion of the display — the excitation of the sereen by an 

not sur- 
prising that certain of the control actions are very much 
alike in both types of guns, Both types develop the first 
cross-over in the same fashion, by means of an electro- 
static field between the control grid and an adjacent 
accelerating or shielding electrode, according to the 
type. Beyond that point, the magnetic tube gun differs 
radically. 

The differences can be divided, for purposes of di 
cussion, into two main groups. One is operational and 
the other is physical. The operational differences em- 
brace the means used for the main focusing, and the 
separation of ion flow from electron flow. The physical 
differences are related to the actual mechanical con- 
struction of the gun assembly, and are especially im- 
portant in considering those which are of special 
construction. 

Virtually all magnetic tube guns make use of both 
magnetic focusing and deflection. At the time of this 
writing, only a few tubes employ clectrostatic focusing 
and magnetic deflection, Although this arrangement 
should logically fall in the category of the electrostatic 
type of gun previously discussed, it has enough singu- 
lar features to warrant a separate treatment, which 
will be given after the discussion of the magnetic tube 
gun. 

Like the electrostatic gun, the magnetic tube gun 
assembly has passed through a series of improvements, 
necessitated by changes in requirements, such as tube 
dimensions, changes in screen types and others. In 
spite of the changes, the general principles of the gun 
remained substantially the same. Some of the changes 
jn magnetic-gun types were founded on the same needs 
as were described in connection with the electrostatic 
types, especially the interaction between functions of 
the control grid and the accelerating anode. 

The parallel between the magnetic- and the electro- 
static-type guns in many respects is so close that pre- 
‘vious comments concerning the triode vacuum tube 
will be found to be applicable. 
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The Fundamental Magnetic Tube Gun 


A representation of the fundamental type of electron. 
gun used in a cathode-ray tube which employs mag- 
netic focusing and magnetic deflection is found in Fig. 
5-28, The assembly of the heater H, the cathode K, the 
control grid G, and the accelerating anode A, is like 
that used in the electrostatic gun, hence requires no 
discussion concerning the arrangement. There are, 
however, variations, and not every magnetic-type tube 
has the accelerating anode in this position. 








Fig, 5-28 Fundamental electromagnetic electron gun. 





At any rate, the accelerating anode A, which is a 
part of the electron gun, is electrically connected to an 
extension of that electrode, which is in the form of an. 
electrically conductive coating painted on the inside 
wall of the tube cone. Connection between the gun 
node and the coated anode is made by means of a 
ipider" on the gun mount, just as in the electrostatic 
variety. Around the outside of the tube envelope and 
in the proximity of the anode barrel is the magnetic 
focusing coil. This structure is responsible for the prin- 
cipal focusing of the stream of electrons. 

The focusing coil is not a part of the actual gun 
assembly, being outside of the tube envelope; yet it 
still is necessary, in discussion, to consider it as being 
part of the gun, because focusing of the beam is one 
of the functions of the gun. The illustration also shows 
the deflection coils, which will be discussed in the next 
chapter. 

The general pattern of the electron beam path in such 
a gun is shown in Fig. 5-28. As can be easily seen, it is 
not widely different.from the pattern associated with 
the electrostatic type of gun. This is to be expected, 
since the origin of the beam and the end result are the 
same, A few minor variations will appear, as different 
types of magnetic tube guns are described, but in gen- 
eral, all resemble that which is shown in the figure just 
mentioned. In all cases, the spot on the screen is the 
image of the first cross-over with the possible qualifi- 





cation that the image may be smaller than the first 
cross-over because of the action of the limiting aper- 
tures in the accelerating anode barrel. 

The similarity in the organization of the fundamental 
magnetically focused gun to the conventional triode 
tube is striking. So alike are they that it is not neces- 
sary to comment at great length concerning the rel 
tive actions of the gun elements. About the cathode- 
control-grid relationship we need say very little; here 
too, as before, the control grid controls electron emis- 
sion and the intensity of the beam between the limits 
of zero beam current and the value giving full rated 
trace intensity or light output at the screen, The con- 
trol grid determines the number of electrons which 
pass through its aperture, under the influence of the 
voltage applied to the accelerating anode, to form the 
first cross-over point. 

The function of the accelerating anode likewise re- 
quires little comment. With a positive voltage applied, 
it accelerates the electrons from the first lens area, 
through the control-grid aperture, into the main focus- 
ing area and thence through the deflection area, to the 
screen of the tube, With an accelerating voltage sub- 
stantially higher than is usually found in electrostatic 
type tubes, several very desirable effects are attained. 


Advantages of Magnetic Tube Guns 

The first advantage of guns using magnetic focusing. 
and deflection is increased rate of electron flow in the 
beam at the first cross-over point giving a very much 
brighter trace. The second effect is a reduction in the 
diameter of the cross-over in the cathode lens, thus 
attaining higher luminescence and smaller sj 
These very important advantages are characteristic of 
magnetic-type tubes, because the system permits the 
application of a high accelerating voltage in the neigh- 
borhood of the cathode; for this reason, applications 
which demand maximum resolution in the display, 
such as television and the many systems which make 
use of radar principles, utilize the magnetic type of 
tube to full advantage. 

Projection television and other systems require 
higher than usual brightness at the screen. Since the 
dimensions of the optical projection system should be 
as small as possible, to minimize the cost, it is advan- 
tageous to use a cathode-ray-tube screen of small 
diameter. In order that proper resolution be available 
with such a small-sized screen, itis imperative that the 
spot diameter be small. For example, in the 3NP4 
tube used in Protelgram television projection system, 
the picture size on the projection tube is only 142 X 
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1.89 inches for 525 scanning lines. The maximum 
tolerable spot diameter, therefore, is 142/525 or 
00068 сте 

Generally speaking. spot dimensions increase with 
screen dimensions, even though identical guns may be 
used in tubes of different sizes. It is a matter of the 
various voltages which are applied to the different 
tubes which is responsible for the change in the cathode 
lens behavior, the first cross-over dimension, and 
finally the image on the screen. 





Magnetic Focusing 

‘The basic principles of the focusing action were de- 
scribed fully in Chapter 3, but will be reviewed briefly 
here. The main focusing action, caused by the magnetic 
field issuing from the focusing coil, is the application of 
such rotational forces to the electrons in the beam, as 
to make those which left the first cross-over at an angle 
to the axis return to the axis at some point which rep- 
resents the focal point of the magnetic lens, These rota- 
tional forces are proportional to the angle of divergence 
from the axis at which the electrons entered the field. 
In this way, theoretically, all the electrons which en- 
tered the field, after having left a point source located 
on the axis, return to the axis, The point where they 
return when properly focused under the usual mag- 
netic lens conditions, is upon the screen. 


Focus Coll 


Fig. 5-29 shows a typical commercial focus coil. Al- 
though there are various types and sizes of coils to suit 
individual needs, the sample shown will serve ade- 
quately for discussion. As briefly described in Chapter 





inia, H., de Gier, J., and van Alphen, P. M., “Home Pro- 
jection = Part I. Cathode Ray-Tube and Optical System” 
Proc LRE. p. 395, vol. 36, March, 1948. 





Fig, 29 Typical focus сой {ог electromagnetic cathode- 
туп 


3, the focus coil is a multilayer polenoid ; a great many 
turns are wound on a form of short length to provide 
an approximately uniform field within the core, The 
field of such a coil, in cross-section, is shown in Fig. 
5-30A. If, however, the coil is encased in a magnetic 
material except for the inner surface, as in Fig. 5-308, 
the effective length of the field is shortened. A greater 
concentration of the magnetic field is obtained when 
the coil is totally enclosed except for a small gap. This 
field distribution is shown in Fig. 5-30C, and is typical 
oí most commercial coils. Focus coils producing differ- 
ent field configurations are manufactured for special 
applications, projection television, etc. Although most 
of these merely utilize variations in the magnetic case, 
certain types are available with adjustable air gaps 
rather than the fixed gap illustrated. 

Unlike the electrostatic-focusing system wherein the 
main focusing cylinder assembly is fixed in position at 
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the time the gun is manufactured, the magnetic focus 
coil is placed over the neck of the tube at the time of 
installation and then adjusted for best performance. 


Effects of Focus-Coil Position 


‘The positioning of the focus coil controls a number 
of operational details. The primary one is the relation- 
ship of the object and image distances for the stated 
operating conditions, so as to bring the electrons from 
the object (first cross-over) to a focus on the screen. 
From this point of view. the exact location is not highly 
ical, since the adjustment range of focusing current 
will allow shortening or lengthening of focal distances. 
so as to compensate for other influences. 

The positioning of the focus coil also affects to some 
extent the spot size; the optimum location is that which 
produces the smallest spot consistent with the required. 
brilliancy, sharpness and roundness, and which per- 
control of focusing current on both sides of the 
desired spot condition. Moving the coil away from the 
optimum location tends to increase the spot size. 

Another detail associated with positioning of the 
focus coil is its effect on the sharpness of the spot as it 
is deflected from the center toward the useful limits of 
the scrcen. Certain positions of the coil may afford the 
desired spot condition at the center of the screen, but 
there is a loss of sharpness as the spot moves from the 
center. Naturally, the proper positioning is that which. 
affords the best spot condition across the entire useful 
surface of the screen. 

The position of the focus coil also is related to the 
correction of misalignment of the gun electrodes, which 
results in an undeflected and unfocused spot at some 
jint on the sereen which, while within specified lim- 
, is not at the geometric center of the screen. The 
misalignment will vary from tube to tube, between such 
extremes as from perhaps a circle with 34-inch radius 
to one which has a 14-inch radius. The tolerance in 
misalignment usually is stated by the manufacturer in 
the tube specifications. The correction of the centering, 
by means of the focus-coil position frequently requires 
slight tilting of the focus coil. Moving the coil forward 
and backward along the length of the tube neck will 
affect the spot, but usually will not correct appreciable 
misalignment. Since most focus-coil assemblies are 
mounted upon yoke supports, tilting the plane of the 
focus coil slightly, во аз to center the beam properly, 
can be done quite conveniently. 


Tube Reference Line 


For approximate positioning of the focus coil, tube. 
charts o specifications usually are accompanied by an 























outline drawing of the tube giving various dimensions. 
Among these dimensions is the location of the "refer- 
ence line,” a term which generally appears in the de- 
scription of the focus-coil positioning. 

An example of such a drawing is shown in Fig. 5-31. 


10.8 t.125 0.0, 





Courtesy North Americun Philips 
Fig. 5.31 —Oulline of 10BP4 electromagnetic cathode-ray tube, 


This is an outline drawing of a magnetic-type tube, the 
10BP4, from which many details not pertinent to the 
present discussion have been deleted. The reference 
Tine is shown and is that position where a cylinder two 
inches long and of appropriate inside diameter will 
come to rest on the cone after being slid over the tube 
neck as far as it will go. For tubes having a nominal 
outside neck diameter of 134 (1.375) inches, the cylin- 
drical standard has an inside diameter of 1.430 
(+0.003, —0.000) inches. For tubes with a nominal 
neck diameter of 1% (1.4375) inches, as the 10BP4, 
the inside diameter of the test cylinder is 1.500 
(40.003, —0.000) inches. 
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Focusing Control 

The use of current as a means of focus control intro- 
duces a new quantity to work with, Heretofore, in 
electrostatic systems, we worked with values of volt 
age as a means of varying the focus. In the magnetic 
system, the control is accomplished by changes in cur- 
rent, which m turn vary the intensity of a magnetic 
field. Although it is understandable that current will 
mot pass through a coil unless a voltage is applied 
across its terminals, it is common practice to speak in 








terms of current, rather than voltage, when referring | 


to the action of the focusing coil, It is assumed that the 
necessary d-c voltage source to produce the desired 
current through the coil exists, or that the coil will be 
connected in series with a circuit carrying the required 
amount of direct current 

‘Two methods of specifying the focus requirements 
for magnetically focused cathode-ray tubes are com- 
monly used. One of these states the amount of current 
which must pass through the focus coil in order to focus 
the beam under a given set of operating conditions. 
This current applies, however, only if the standard 
type of focus coil, specified with the tube data, is used. 

If a focus cot! other than the standard type is to be 
used, then the ampere-turns rating of the coil must be 
tonsidered. This specification is much more general in 
its application because it affords a latitude in design 
for any one system. H, the intensity of a magnetic field 
(number of lines of force per unit area) produced by a 
current-carrying coil is equal to 0.4eN7, From this, it 
can be seen that the magnetic force developed by the 
coil is proportional to the number of turns, N and the 
current, I. The product of the two, N X I, equals the 
ampere turns, Thus, a coil oí 4,000 turns carrying 0.15 
ampere is rated at 600 ampere turns. The same mag- 
netic field can be produced with a coil of 2,000 turns 
and 0.3 ampere, since the resultant product is again 
600 ampere turns. 

This approach makes it possible for the coil designer 
to select such coil construction specifications as best 
suit his purpose. For example, the specification for a 
10BP^ tube calls for a focus-coil current of 135 milii 
amperes for a certain grid voltage and an accelerating 
voltage to produce a specified light output on a six 
by-eight-inch raster on the face of the tube, using a 
standard focus coil. For any other focus coil the speci- 
fication is 4,500 ampere turns, with the same tube 
voltage and light output ratings. 

Regardless of what method of focus-coil rating is 
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used, an appropriate source of voltage is needed. The 
value of this voltage is, of course, determined by the 
amount of current required and the resistance of the 
coil through which it must flow. 

It is almost meaningless to quote average ampere- 
turn ratings of focus coils used with present-day tubes, 
except perhaps as it may apply to quite a few tubes 
which were used during World War II in different 
radar applications. The majority of these operated 
with focus coils approximating 400 ampere turns, 
but the television tubes in use today require about 550 
to 600 ampere turns, An exception is the 10BP4, for 
which the figure of 4,500 ampere turns was stated 
previously. 


Relationship Between FocusColl Requirements 
and Accelerating Voltage 

Although the mathematical analysis of the relation- 
ship is beyond the scope of this text, it can be shown 
that the required magnetic focusing field is propor- 
tional to the square root of the accelerating voltage. 
Since the field intensity is proportional to the ampere. 
turns of the coil producing the field, the ampere turns 
will then be proportional to the square root of the 
accelerating voltage. However, for small variations of 
accelerating voltage, the change in the ampere-turns 
rating is proportional to one-half the change in accel- 
erating potential.” In order to vary the ampere turns 
of the focus coil, either the current or the number of. 
turns may be changed. Under normal conditions, it is 
the focus-coil current which is varied. 


Commercial Examples oí the Fundamental Triode 


The fundamental triode gun is used in two projec- 
tion-type television tubes now on the market. One of 





Conrtery National Union 
Fig. 5-32 —TP4Q0A television projection tube. 


TSoller, T, Starr, M. A. and Valley, G. E, Jr., "Cathode 
Tube ъп [сє 
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дее shown in Fig. 5-32, is the TP400A, a 4-inch pro- 

tube, designed for an accelerating voltage of 
20 kilovolts. The complete specifications wil be found 
in the Appendix. 











"о 


Courtesy North Amencen Phisps 
Fig. 5-33 —N P4 television projection tube, 


The second example, shown in Fig. 5-33, is the 
NIA, also used in projection-type television receivers. 
This tube has a 24-inch diameter face and operates 
with a potential of 25 kilovolts on the accelerating 
anode, The glass cup on the cune of the tube houses the 
high-voltage anode button, and serves to lengthen the 
external leakage path from the high-voltage contact to 
the deflection and focusing coils. While discussing this 
tube, we might mention the external conductive coat- 
ing present on this and many other magnetic tubes, 
although it is not related to the electron gun. This 
coating is usually grounded. Since the second-anode 
coating is applied to the inner surface of the glass en- 
velope, the two coatings form a capacitor, which is 
connected across the output of the high-voltage supply 
and functions as a supplementary filter capacitor. Ref- 
erence was made to this in Chapter 4 as a subject 
among the mechanical characteristics. 


Courtesy North Americon Philips 
Fig. 5-34.—Electron gun used in 3N P4 cathode-ray tube. 











Fig. 5-34 is a photograph of the electron gun used in 
the 3NP4, while a diagram of this assembly appears in 
Fig. 5-35. The cathode and control grid are conven- 
tional in shape. However, the conformation of the 
anode cylinder is substantially different from the usual 
anode found in other type tubes. Because of the un- 
‘usually small dimensions of the tube, and the high 





Conrtety North Amencen Phiips 


Fig. 5-38.—Sectional view of triode electromagnetic electron 
gun tsed in JN Pá cathode-ray tube. 


voltages involved, an electrode identified as a "spark- 
trap cylinder" is positioned between the anode and the 
control grid. The narrow neck of the anode projects 
into this cylinder, which is grounded. The function of 
the spark trap is to protect the grid circuit, should an 
intermittent arc jump the gap between the anode and 
any adjacent point. Since the spark trap is closer to the 
anode than any other element, it will attract any spark 
which may occur from the anode cylinder. 


The Tetrode (Type I) 


Ii, to the basic triode just discussed, a second grid 
is added, the tetrode electron gun is achieved. Despite 
the fact that there are four elements, this gun is some- 
times referred to as a “triode” type ; this text will con- 
sider it as a tetrode. The reference to type I in the sec- 
tion heading applies to the construction of the acceler- 
ating anode cylinder. 

The organization of the gun, showing details of di- 
mensions and spacing, is illustrated in Fig. 5-36. The 
cathode K and control grid G7 have a configuration 
along the general lines shown previously. The new ele- 
ment, screen grid G2, is a relatively shallow cylinder, 
having an aperture at the end facing the control grid 
and completely open at the end which faces the accel- 
erating anode A. Because of the shape of the anode, 
this gun was identified as “nonlimiting aperture” type 
and was commonly used in radar equipment employed 
during the last war. 
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‘The function of the scrcen grid is twofold, First, it 





isolates the control grid from the accelerating anode, 
preventing interaction between the two, and so making. 
the control action of G7 virtually independent of the 
voltage applied to A. Second, the first cross-over point 
15 developed as the consequence of the field between the 
control grid and the screen grid, the latter being at 
approximately 250 volts positive, the exact value being 
dependent upon the specific tube. Consequently, 
changes in anode voltage have very little effect on the 
cutoff bias or other actions of the control grid. How- 
ever, changes in the voltage applied to G2 have suffi- 
cient influence on the beam, so that this electrode could 
be, and is, used for beam control in addition to the 
control grid 

While the screen isolates the control grid from the 
anode, the relative positions of this element and the 
anode have a bearing on the dimensions of the beam 
which traverses the gun and advances to the screen. 
‘The higher the accelerating voltage relative to the volt- 
age on the screen grid, the narrower the cone of elec- 
trons which advances through the gun and the smaller. 
the dimensions of the spot on the screen. Since the 
accelerating voltage also determines beam velocity, 
increasing this voltage within operating limits in- 
‘creases the brilliance of the trace. With the accelerating 
voltage and the beam current constant, an increase in 
voltage applied to G2 will also reduce the spot dimen- 
sions. 

‘An assembly drawing of the tetrode gun is shown in 
Fig. 5-37. The general construction is very much like 
that used in the electrostatic type; in this figure, the 
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ional view of tetrode electromagnetic elec- 
tron gun used in SFP-, 7BP-, and 12DP- cathode-ray tubes. 
Dimensions are in inches. 





location of the heater element within the cathode sleeve 
can clearly be seen. The spider used for making con- 
tact between the anode electrode in the gun and the 
anode coating on the inside of the tube envelope is seen 
joined to the anode barrel at the top of the figure, 


Standard Television Tetrode (Type I) 


A modification of the tetrode gun is illustrated in 
Fig. 5-38. This tube, too, is oftentimes called a triode, 
despite the fact that, as in the preceding case, four dis- 
tinct elements are contained within the gun. The as- 
sembly differs from the previous one in the interchange 
Of the position of the apertured masking baffle in the 
anode cylinder. Previously, the baffle faced the screen 
grid; in this gun it is positioned at the end facing the 
fluorescent screen of the tube. Also, the shape of the 
screen-grid electrode has been changed to what is al- 
most an apertured disk. 

The function of the baffle positioned at the emerging. 
end of the anode barrel is obvious; it is intended to 
mask a portion of the beam, and in that way to make 
the beam smaller in diameter. Several effects are 
achieved. One of these is that fringe electrons in the 
bundle, which were not properly focused by the focus- 
ing coil, will be masked off, thus tending to retain the 
sharpness of the spot. The second effect of interest to 
us is that the dimensions of the beam entering the de- 
flection area are reduced; consequently, change in 
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Courtesy Du Mont Labs. 


Fig. 5-38—Dimensional drawing of television-tetrode elec 
tromagnetic electron gun used in 12)P4, ISAP4, and 20BP4 
cathode-ray tubes. Dimensions are in inches. 


focusing, which might be introduced due to the deflec- 
tion process, is minimized. A picture of a tube which 
‘employs this type of gun, along with the components of 
the gun and the assembled gun, is shown in Fig. 5-39. 

The organization of the component parts of the gun 
read from left to right, in the manner of an assembly 
diagram. The fact that each of the grids and the anode 
are formed from two half-sections is plainly visible, as 
are the apertured baffles which seem to be disks which 
are welded into position. Directly to the left of the 
control-grid half-sections, the cathode, the supporting 
framework, and the heater element are shown; the 
latter being closest to the stem assembly around which 
the wires are twisted. The long glass tube extending 
downward from the stem is used for evacuating the 
envelope and sealing the tube. 





An idea of how such a gun appears inside of the e 
velope of a completed tube, including the relative posi 








Courtery Du Mont Labs. 
Fig. 5-39— Finished tube, and components which make up electron gun of 12JP4 cathode-ray tube. 
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Fig, 5-40—Cutaway view of 7BP7 tetrode electromagnetic 
cathode-ray tube. 


tions of the focusing coil and the deflection coil, can be 
had from the cut-away view in Fig. 5-40. The pecu- 
liarly shaped structure which appears in the conical 
portion of the envelope, close to the accelerating anode. 
connecting terminal, is the getter assembly, The getter 
is a material which is “fired” or vaporized after evacu- 
ation of the tube has been completed, and it serves to 
absorb the gases which otherwise might remain in the 
elements of the tube and later be freed during opera- 
tion, causing improper performance. 


lon Bombardment 


The liberation of electrons by the hot cathode is 
accompanied by the liberation of negative ions, which. 
may also come from the elements around the cathode. 
Since even the lightest of ions is very much heavier 
than an electron, their presence poses a problem. 

In electrostatic deflection of charged particles, the 
deflection angle is independent of the mass of the par- 
ticle. Since electrostatic focusing is a deflection process, 
both ions and electrons will be brought to the same 
focus, and will also be deflected equally. Consequently, 
the beam tracing a pattern on the face of the tube will 
be composed of electrons and a small number of nega- 
tive ions ; these ions cause no undesirable results. 

However, in electromagnetic fields, the deflection. 
angle of a charged particle is inversely proportional to 
the mass of the particle. Because of the greater mass of 
ап ion, those ions present in the electron stream will 
be neither focused at the same point as the electrons 
nor deflected by an appreciable amount. This will per- 
mit them to travel to and impinge on the center of the 
tube face, causing fluorescence, unless suitable means 
are taken to prevent such ion bombardment. If this 
bombardment is permitted to occur, “brown spots” or 
-“ion spots” appear. Eventually the area covered by 
these spots becomes enlarged until finally the screen is 
useless for viewing; actually, even before the spot be- 


comes excessively large, it is very much of a nuisance. 

The removal of the ions from the beam can be ac- 
complished by two methods involving the gun, and by 
a third method which prevents the detrimental effect 
of ion bombardment by a special treatment of the 
screen. This is a thin aluminum coating which is placed 
on the side of the screen facing the deflection area, and 
is explained later in connection with screens ; only the 
first two methods will be discussed here. 


Slashed-Field Gun with Ion Trap 


__ The slashed-field gun is a modification of the physi- 
al construction of some parts of the tetrode gun. Al- 
though it retains the electrical organization and is still 
within the same basic category as the previous type, 
this gun introduces a decided change in the electron 
path. 

As shown in the detail drawing in Fig. 5-41, the 
cathode and control-grid electrodes require no com- 
ment. The screen-grid and anode electrodes, however, 
are peculiar in shape, the facing edges being cut diag- 
onally at an angle of about 15°. Not shown in this 
drawing, but visible in Fig. 5-42, are two magnetic pole. 
pieces or “flags” in the region of the slant lens, These 
serve to localize the field of a magnet which is placed 
around the neck of the tube at the time of installation. 

The ion trap is created in the area occupied by the 
slant lens. By virtue of the slant in the facing edges of 
the screen grid and the accelerating anode, the electro- 
static field formed there is tilted, thus creating a new 
axis for the system. Since the path followed by a charge 
is the same for an ion or an electron, both tend to follow 
a tilted path, according to the new axis, However, the 
action of a magnetic field on a charge is a function of 
the mass as well as the charge of the particle, so that 
by arranging a magnetic field in the region of the slant 
lens, the electrons are restored to the normal axial path. 
The ions, being virtually unaffected by the magnetic 
field of the ion-trap magnet, will be trapped within the 
accelerating anode barrel. 
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Fig, 5-42—Complete slashed-feld electron gun used in 
10BPA cathode-ray tube. 


The two pole pieces, shown in Fig. 5-42, act in con- 
junction with the external magnet, which may be a 
permanent magnet, or may be operated from a d-c 
supply. Usually, a second magnet is used in this ar- 
rangement, being located about an inch closer to the 
screen than the first. Its function might be said to be 
twofold ; frst, to limit the field of the first magnet, and 


second, to aid in the proper centering of the image on 
the screen. The instructions for the adjustment of ion 
traps usually accompany the equipment. In most cases, 
such dual-magnet systems come as a single assembly. 
After being slipped onto the neck of the tube and 
brought to rest at certain markings on the tube, the 
ion-trap assembly is moved backward and forward 
shghtly, as well as rotated a slight amount in each di- 
rection until the best trace is obtained on the screen, 
These comments are general and it certai 
mended that the individual instructions for each equip- 
ment be followed in preference to these brief remarks. 

Three types of ion-trap magnet systems have been 
used in television receivers, and probably in other ap- 
plications as well. These are (1) dual magnets which 
receive their excitation from a d-c source, (2) dual 
permanent magnets, and (3) single permanent mag- 
nets. These are illustrated in Fig. 5-43. 








Bent-Gun lon Trap 


Another version of the magnetic tube gun, intended 
to prevent ion bombardment of the screen, is shown in 
Fig. 5-44. The clectrical organization and the number 
of elements are virtually the same as in the standard 
television tetrode. However, the accelerating anode is 
different in that itis bent, rather than straight, Part of 
the anode cylinder is coaxially symmetrical with the 
other elements, while the remainder is tilted away at 
an angle of 10.5°. It is this tilted axis which is on the 
main axis of the tube; the gun assembly is placed in 
the tube so that actually the cathode and grid are at an 
angle with respect to the tube axis. 

Both ions and clectrons enter the anode cylinder. 
But if a magnetic field is placed in the region of the 
cylinder, and so oriented that its ficld will exert a force. 
оп a negative charge in the direction of the bend, the 
electrons in the beam will be deflected along the main 








Fig. 5-43—Typical ion-trap magnets: (A) dual electromagnet, (B) dual permanent magnet, (C) single permanent magnet, 
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Courtesy Du Mont Labs 


Fig. 5-44.— Dimensional drawing of bent electroma 
electron gun used in 12QP4, I2RP4, 1SDP4, 16F P4, and 19A P4 
‘cathode-ray tubes, Dimensions are in inches. 





axis. The ions, being much heavier, will not be de- 
flected and will strike the wall or baffle of the anode. 

The magnetic field is supplied by a single permanent 
magnet placed on the neck of the tube, in the same 
manner as in the slashed-field gun. A photograph of 
the gun assembly, as used in a number of tubes made 
by DuMont, is shown in Fig. 5-45. 








Courtery Du Mont Labs 
Fig. 5-45.— Bent-gun ion-trap electron gun. 


Electron Guns in Electrostatic-Focus. 
Magnetic-Deflection Tubes 


Several tubes employ this combination of focusing 
and deflection systems, but as might be expected, no 
change of significant character is to be found in the 
organization of the gun. By this it is not meant that 
every gun uses like-dimensioned electrodes, with iden- 
il aperture, and so on. Naturally, the gun dimen- 
sions differ, but the basic electrical organization is the 
same as in the pre-accelerator type of electrostatically 
focused and deflected tube, with one exception. The 
exception is the 7DP4, which uses a zero-first-anode- 
current gun, which has been previously explained. 






































Courtesy Rev. Mod, Phy. 
Fig. $-46.— Electron gun of STP4 projection television tube. 


At present, the tubes which have tetrode or sereen- 
grid type electrostatic-focus guns and which make use 
of magnetic deflection are the 9AP4, the 12AP4, and 
the STP4. The last tube is deserving of the most atten- 
tion, since it is a projection type and operated at very 
high voltages; we shall use it as our example, The 
structure of the gun is illustrated in Fig. 546 and a 
photograph of the tube appears in Fig. 5-47. The con- 
trol grid G1 is operated at about —70 volts, the screen 


Courtesy KCA 
Fig. 5-47 —STP4 projection television tube. 


grid G2 at about +200 volts, anode 1, the focusing 
anode, at about 4,900 volts, and the accelerating anode 
is usually operated at about 27,000 volts. The spot 
diameter is about 0.0035 inch under normal operation. 

Tt is interesting to note that in this particular tube, 
as in many others, the second anode is not a cylinder 
joined to the anode coating on the inside of the tube, 
but is formed by the coating itself. Thus, the main 
focusing lens is made up of the first-anode cylinder and 
the second-anode coating, in the region where they 
partly overlap each other. Although operated at a ve 
high voltage, the STP4 does not use an ion trap be- 
cause of the aluminized screen. This type of screen is 
described in detail in Chapter 7. 
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Fig. $48.—Electron gun of 7DPA electrostatic-electromag- 
metic cathode-ray tube. 


Theinteresting detail about the 7DP4, shown in Fig. 
$448, is that while it makes use of a zero-first-anode- 
current gun, it also employs the slant-field principle for 
the ion trap. It is, therefore, evident that magnetic ion 
traps may be used with both electromagnetic and elec- 
trostatie focusing. 


OPERATING CHARACTERISTICS 
OF ELECTRON GUNS 


As was stated at the beginning of this chapter, the 
operating characteristics of cathode-ray tubes include 
many different subjects and many different conditions. 
Some of these are purely statistical and state the maxi- 
mum limits and the typical operating conditions of the 
tubes, These are the quantities, which, in addition to 
the mechanical characteristics, constitute the tube 
manufacturers’ specifications. Such information is con- 
tained in the Appendix. 

‘The interpretation of this information is not diffi- 
cil, if the functions of the different tube elements are 
understood ; we have tried to create such familiarity 
with some of the elements in this chapter. Others will 
be described in the next two chapters. The electrical 
characteristics also include many variables, that is, 
relationships between variables, which have a great 
bearing on performance. Some of these have become 
fairly well standardized, and therefore, are of value to 
the general user of the cathode-ray tube. Other data, 
however, are of primary interest to the designer. 

Those variables which are of primary concern to the 
designer of equipment will be omitted. For such infor- 
mation, the contents of the references listed in the 
bibliography are recommended. The gamut of design 
subjects covered in those texts is extremely broad, and 
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while it would be advantageous to include every re- 
lated subject in such a text as this, it is impossible 
because entirely too much ground would have to be 
covered. In a few instances, design information has 
been included, the reason being that interpretation of 
these data has practical value to the everyday user of. 
cathode-ray-tube equipment. This may also furnish a 
clue to possible faults in improperly functioning 
apparatus. 

Another point which requires comment at this time 
is that the discussion on the pages which follow will be 
related as much as possible to the electron guns, It will 
not embrace every known characteristic because some 
are representative of relations between elements not yet 
discussed. An outstanding example is the deflection 
system, Therefore, any characteristic associated with 
the deflection system will be treated in such a way as to 
present the information, yet not stress the contribution 
of the deflection system more than is necessary. 

After the deflection systems are discussed in Chapter 
6, the same subject will again be treated, but this time 
іп greater detail and with the emphasis on the deflec- 
tion action rather than the gun, These statements are 
made in anticipation of comment on the part of the 
reader that subjects not fully treated are prematurely 
referenced. 


Operating Voltages 


The operating-voltage ratings as given in tube char- 
acteristics listings are of two types: maximum and 
typical operating values. The maximum values are in- 
tended for the designer of equipment, and indicate the 
safe limits as determined by the manufacturer. They 
may be exceeded, but only at the risk of the user. 
Equipment sold on the commercial market is operated 
at the typical operating conditions, usually at lower 
values, and if long life of the apparatus is desired, cir- 
cuit constants should not be altered so as to raise the 
operating conditions to where they approach the maxi- 
mum limits. 

Ina few cases, the maximum and typical ratings are 
close to each other in magnitude. This does not mean 
that if a wide difference exists between them, it is safe 
to increase the operating voltages to where they ap- 
proximate the maximum value. More than likely the 
tube will behave satisfactorily at the higher voltage, but 
the hazard remains in the rest of the equipment. 





Heater Voltages 


The heater voltages applied to electrostatic- and 
clectromagnetic-type tubes have been standardized to 
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two values, namely 6.3 volts at 0.6 ampere, and 2.5 
volts at 2.1 amperes. Both of these values are used with 
both types of tubes, although the higher voltage rating 
is more common. Whichever is the actual voltage ap- 
plied, the rated tolerance is plus or minus ten per cent, 
although it is highly recommended that it be as close to 
the nominal value as possible. 





Grid Bias (Cutott) 


The exact relationships between the cutoff bias, 
screen-grid voltage, and the different anode voltages in 
electrostatic- and electromagnetic-type tube guns vary 
from type to type. It is possible to make general state- 
ments only if electrostatic tubes and electromagnetic 
tubes are considered separately. Although an analysis 
of this type may not be completely rigorous, it is suffi- 
ciently accurate to be acceptable. 

The cutoff bias voltage varies directly as the accel- 
erating voltage in most electrostatic tubes, provided 
that the tube does not employ a separately connected 
Such screen grids are not found in the 
electrostatic tubes shown herein. In electromagnetic 
tube guns, the cutoff bias varies directly as the screen- 
grid voltage, this electrode being separately connected. 
in most magnetic tubes. 





Grid Drive 


‘A condition of operation associated with the grid is 
that which produces a stipulated trace intensity or 
light output at the screen when the anode voltages are 
of certain specified values. Sometimes the grid voltage 
is referenced to beam or screen current, rather than 
light output. By grid condition in this case we mean the 
grid voltage above cutoff necessary to drive the tube to 
the stated beam current or to the stated light output. 
This is known as the grid drive. 

Tube charts specify this quantity because it is of 
interest to the designer of equipment, especially when 
a signal voltage is to be applied to the grid so as to 
intensity-modulate the beam current. Intensity modu- 
lation is a change in the intensity of the beam current. 
or light output from the screen, in accordance with the 
changes in signal voltage at the control grid. The limits 
of intensity modulation obviously are zero beam cur- 
rent as one extreme, and that which will produce the 
full trace intensity as the other. 

The designer is concerned with the grid-drive re- 
quirements of a cathode-ray tube because it indicates 
the level of the signal necessary at the grid to overcome 
the fixed grid bias and produce the specified beam cur- 
rent. The signal source must furnish this signal output. 
The relationship between grid drive and beam current, 
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or light output, is known as the grid-drive character- 
istic. This is usually shown in graphic form, an ex- 
ample of which appears in Fig. 5-49. 

In this case, two different conditions are indicated. 
One shows the grid-drive characteristic relative to 
second-anode current ; the other curve shows the grid- 
drive characteristic relative to the screen current, It 
interesting to note that at zero grid voltage, the ratio 
between screen and second-anode currents is almost 
1 to 20, and while this ratio is not entirely constant 
throughout the range of grid voltage, it is substantially 
so. At any rate, it is evident of a previous statement 
concerning electrostatic focus that the charges which 
advance to the screen are comparatively few with re- 
spect to those which form the anode currents, 
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The grid-drive figures quoted in tube tables are aver- 
age values representing measurements on a number of 
tubes of like type. A tube-to-tube variation should be 
expected because of manufacturing tolerances. Since 
many tubes do not permit the measurement of screen 
current, grid-drive characteristics are frequently ref- 
erenced to the light output and identified as modulation 
characteristics, In turn, light output is expressed in 
foot-lamberts and is determined by developing a trace 
on the screen in the form of a number of horizontal 
lines — a raster two inches by two inches — and meas- 
uring the light output by means of a suitable meter. 
Standard methods of measurement of cathode-ray-tube 
constants are given in the Appendix. 





High-Voltage versus Low-Voltage Tubes 


While operating voltages do not establish distinct 
tube types, there does exist a general classification of 
tubes based upon the voltage applied to the accelerating 
anode. Generally speaking, electrostatic tubes operated 
with second-anode potentials of 2,000 volts or less are 
considered to be low-voltage tubes, whereas tubes with 
second-anode voltages in excess of this figure are 
classed as high-voltage tubes. The voltages applied to 
any intensifier anodes present are not considered ; it is 
strictly the second-anode voltage which determines the 
general classification. 

No one relationship affords advantages only ; every 
advantage of one kind usually is accompanied by a dis- 
advantage of some other kind, The low-voltage tube 
inherently has high sen because of its low- 
velocity beam. The low-velocity beam, however, pro- 
duces a trace of relatively low luminosity, a trace which 
may not be readily visible in a brightly lighted room, 
especially if the ambient light falls upon the face of the 











Such criticism is unwarranted, because the degree of 
brightness attainable with any low-voltage tube is ade- 
quate for many uses. In fact, the statement made is 
theory than in practice for a number of 
reasons. First, while it is true that the trace is not suffi- 
ciently bright to be studied critically under the light 
conditions permissible with high-voltage tubes, the 
average oscilloscope containing a low-voltage cathode- 
ray tube will produce a trace which is perfectly read- 
able when viewed under semishaded conditions, Sec- 
‘ond, present-day film permits photographing of this 
trace with very little difficulty. As a matter of fact, the 
‘majority of the oscillograms contained in this text were 
made with low-voltage cathode-ray tubes. Third, the 





advantages of high sensitivity are much more impor- 
tant for everyday oscilloscope applications than high 
trace intensity. 

The high-velocity beam tube, however, is not with- 
out its advantages, Some conditions of operation de- 
mand viewing in broad daylight, which calls for a bril- 
liant trace. This is also true if projection of the image 
is desired for classroom demonstration or television 
projection systems. High writing speeds require a 
bright trace because the higher the velocity of the elec- 
tron beam, the less the time spent by the beam at any 
given point on the screen. Therefore, proper display 
demands high velocity of the beam, which means high 
voltage on the accelerating anode. 

The higher the velocity of the beam electrons, the 
less is the possibility of deflection by extraneous fields 
such as those due to near-by operating transformers, 
chokes, etc. In addition, higher operating voltages re- 
sult in a narrower beam and smaller spot. These pros 
and cons of the low-voltage and high-voltage tubes are 
theoretical generalities, usually found in practice, but 
not necessarily rigid rules of application. Most cathode- 
ray tubes are sufficiently flexible in their use to allow 
their application to most needs, even though those 
needs may be better satisfied by some other tube with 
more suitable operating parameters. 

The last statement does not suggest that tubes be 
operated at voltages differing from those specified by 
the manufacturer, or that tubes especially developed 
for certain applications are suitable for indiscriminate 
use. It simply means that many requirements, which 
may be better satisfied with high-voltage tubes, can 
nevertheless be satisfactorily accomplished with low- 
voltage tubes, and vice-versa. The governing factor is 
the permissible departure from required performance, 


Ratio of Anode Voltages in Electrostatic Tubes 


Some degree of consistency exists between the focus- 
ing-anode voltage Ey, and the accelerating-anode volt- 
age Ey because of similarities in electron-gun design. 
The voltages applied to the individual electrodes in the 
different types of tubes are not necessarily the same, 
but as a rule, the ratio lies between 1 to 2 and 1 to 3. 
However, in some instances the second-anode voltage 
may be as much as four times as high as the focusing- 
electrode voltage. When both voltages are unknown, 
familiarity with this ratio may not be of much benefit, 
but if either of the voltages is known, these ratios may 
serve as a guide in the values of voltage which may be 
tried on the other electrode. 

A range of ratios may be found between the voltages. 
applied to the accelerating anode and the intensifier or 
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post-deflection accelerating electrodes. Usually the 
ratio is about 2 to 1 with the higher voltage on the in- 
tensifier anode. In some tubes, where very bright traces 
are needed, the ratio may be as high as 4 to 1. Ifthe in- 
tensifier voltage is not known, and since the post- 
deflection accelerating anode voltage always is higher 
than the second-anode voltage, a minimum value of 
twice this figure is safe to apply to the intensifier anode. 
If still greater trace brilliance is needed, higher volt- 
ages may be tried, although it must be remembered that 
the safe intensifier-anode voltage value is not un- 
imited. 

This limitation exists for two reasons. First, the gap 
between the second-anode coating and the intensifier- 
anode coating may break down if the voltage applied to 
the latter anode exceeds the specified maximum. Sec- 
‘ond, with regard to the performance of the tube, if the 
intensifier voltage is too high the spot may be distorted. 
Another possible condition is "folding back" of the 
‘spot onto the screen after it has been deflected off the 
screen. It must be emphasized that the high accelerat- 
ing voltage requires that the beam not be permitted to 
remain stationary on the screen, unless the intensity is 
reduced almost to total extinction of the beam. If the 
high-velocity beam is allowed to remain stationary on 
the screen, it will burn a spot on the screen coating and 
irreparably damage the screen. 

There is an exception to the ordinary limits of the 
ratio between the second-anode and intensifier-anode 
voltages, This is the intensifier-anode voltage applied 
to the DuMont SRP1, where maximum voltage rating 
Of the intensifier anode is about ten times that applied 
tothe second anode. 

As far as general practice is concerned, the voltage 
applied to the intensifier anode should be as low as 
possible, consistent with the attainment of the desired 
trace brilliancy. 





‘Spot-Size Considerations 

‘The factors which control spot size are numerous, 
and will, of course, influence the width of the line 
traced on the screen. In regard to this relationship, it 
is noteworthy tfat the width of the line on the screen, 
assuming constant potentials on the various electrodes, 
will generally be thinner than the diameter of the sta- 
tionary spot. The reason for this is that the current 
density in the spot is not uniform, being less toward 
the periphery. However, when the spot is stationary, 
the period of screen excitation for all parts of the spot 
is greater than when the spot is moving. Therefore, 
the eye sees substantially constant excitation of the 
screen for the full diameter of the spot. When the same 


spot is in motion, the greatest screen excitation will 
develop from that part of the spot which has the great- 
‘est current density, the center. Thus the excitation 
from the extremes of the spot is reduced and the line 
width is decreased. This condition, in turn, is affected 
by the speed of the spot as it moves across the screen ; 
the faster the motion the less the width of the spot, and 
the less its brilliancy, since the excitation time is re- 
duced. 

Another item of interest, in connection with the relä- 
tionship between the spot size and the line width, is the 
change in line width with the position of the spot on the 
screen, Assuming proper focusing adjustment and con- 
stant beam current, there is a tendency for the spot to 
widen as it advances from the center of the screen, 
where best focusing prevails, toward the edge. This is 
the result of two conditions, one of which is the curva- 
ture of the screen. The screen has a radius of curva- 
ture which is greater than the radius of curvature of the 
beam focal point locus, With the focusing adjusted for 
the center of the screen, the outer limits of the average 
screen are further from the focusing system than the 
center. Therefore, the focal point of the focusing lens 
is located at some point short of the screen, rather than 
at the distance corresponding to the screen location, 
‘Thus the beam strikes the limits of the screen, not at 
the point of minimum beam diameter, but after its 
second cross-over. 

The second controlling agency is the deflection sys- 
tem ; this subject will be described in Chapter 6. 












General Conditions of Spot-Size Control 


Increasing the beam current increases the spot diam- 
eter ; increasing the accelerating voltage decreases the 
spot diameter, increasing the screen-grid voltage like- 
wise decreases the spot diameter. These are generali- 
ties and are not intended to be applied to tubes of 
different design. because in many cases they will be 
found to conflict. Generally, exclusive of the projec- 
tion-type tubes, the greater the screen dimension, the 
higher is the accelerating voltage, yet the spot dimen- 
sion does not necessarily become smaller, Thus, the 
generalization is applied tube by tube, rather than tube 
against tube. 





Spot Size versus Screen Diameter. 


At first thought, and logically so, one would imagine 
that the smallest spot is developed by the gun used in 
the tube which has the smallest screen. This is gener- 
ally true, but not always. That it should hẹ true is 
understandable, since the resolution of a picture de- 


THE ELECTRON GUN ш 


pends upon the ability of the eye to separate two ad- 
jacent lines. Thus if the screen is smaller, the width 
of the line traced by the spot in that tube should be 
smaller. 

‘This is true in the projection-type television tubes 
‘more than in any other. In these tubes, two of which 
are the 3N P4 and STP4, the spot dimensions are very 
small. In the 3NP4, the spot size is about 0.0023 inch, 
with a picture size of 142 x 1.89 inches, In the latter, 
the spot size is about 0.0035 inch, and the picture size 
approximately 2.55 x 3.4 inches. 

As to other tubes, the following sample spot di- 
mensions are of interest. Some electrostatic tubes with 
3inch screens have spot dimensions of 0.024 inch, 
0.03 inch, and 0.04 inch, while one of them has a spot 
diameter of only 0.018 inch. Similar tubes with a 12- 
inch screen utilize a spot which is about 0.072 inch in 
diameter. Even these few figures are sufficient to show 
that the spot dimension is a function of the gun design, 
which in turn is related to the specific purpose of the 
tube, Discounting the special function tubes, it is safe 
to assume that the larger the screen diameter, the 
larger will be the spot diameter, although not neces- 
sarily in proportion to the increase in screen diameter. 

That which is true about the electrostatic tubes will 
be found to be true in the magnetic type of tube, de- 
spite the general impression that since magnetic tubes. 
operate at higher accelerating voltages, the spot will 
be very much smaller. The spot diameter in such tubes 








frequently is smaller, but again it is a matter of gun 
design and intended use of the tube. For example, and 
just as a matter of simple comparison, here are some 
spot diameters in magnetic-type tubes. Two typical 
7-inch tubes function with spot diameters of 0.024 
and about 0.034 inch ; some 9- and 12-inch tubes 
have a spot which is about 0.06 inch in diameter. And 
a 4-inch tube has a spot that is 0.012 inch in diameter, 
whereas a 3-inch tube has a 0.024-inch spot. 








Spot-Size versus FocusCoil Position 


It has been found that the position of the focus coil 
tends to affect the spot dimension ; as the focus coil is. 
moved toward the screen, the spot diameter becomes 
larger. After the current through the coil has been re- 
adjusted for proper focusing, moving the focus coil 
toward the gun causes distortion of the spot.* 

It is also interesting to note that focus-coil gap has 
an effect on the spot size, tending to increase the spot 
dimension as the gap width is increased. This, how- 
ever, is not very important to the general user, since 
focus coils used in television and many other s 
are fixed in dimension. It is only when the coil 
equipped with a variable gap that this consideration 
need be recognized. 
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CHAPTER 6 


DEFLECTION SYSTEMS IN CATHODE-RAY TUBES 


Two methods of deflecting electron beams are used 
in cathode-ray tubes. They are electrostatic and electro- 
magnetic fields. The principles underlying these actions 
were explained in Chapters 2 and 3, hence need not be 
repeated here. 


ELECTROSTATIC DEFLECTION SYSTEMS ` 


Electron Velocities in Cathode-Hay Tubes 


Inasmuch as the discussion to follow will frequently 
involve references to electron velocities in one way or 
another, it might be well to devote a few paragraphs to 
the subject. Already, we have shown how the velocity 
of an electron is a function of the accelerating poten- 
tial, varying as the square root of the potential, but it 
will be better if we resolve velocity in terms of actual 
time intervals. 

Electrons have been accelerated to almost the speed 
of light, approximately 299,800,000 meters per second, 
but cannot equal it, because, according to Einstein, the 
mass of the electron becomes infinite at the speed of 
light. Examining the general run of cathode-ray equip- 
ment, we find that accelerating voltages employed in 
such apparatus range from about 1,000 volts as the low 
limit to about 50,000 volts as the high limit. Over this 
range of acceleration, the electron velocity approxi- 
mates about 6.25 per cent of that of light at the low end, 
to about 44 per cent of the speed of light at the high end. 
These velocity figures already include the correction 
factor which must be applied to the mass of the electron 
аз ће accelerating voltage increases about 10,000 volts. 

If we use an accelerating voltage of 1,000 volts as the 
basis of this discussion, the velocity of the electron is 
calculated as being 0.0625 x 3 x 10* or 18,750,000 
meters per second, which is equal to 18.75 meters per 
microsecond or 739 inches per microsecond. This cor- 
responds to a time interval of 1,352 micromicroseconds 
per inch (2.54 cm) of travel, At an accelerating poten- 
tial of $0,000 volts, the same distance would be covered 
seven times more rapidly or in 191 micromicroseconds. 

If we reduce our dimensions still further, let us say 
0.1 inch, the 1,000-volt beam will traverse this distance 
in 135 micromicroseconds, and the 50,000-volt beam 
will span it in 19.1 micromicroseconds ; hence the two 
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beams will cover a distance of % inch in 338 and 48 
Rectangular and Polar Co-ordinates 
Electrostatic deflection systems may be of different 


‘types, although the fundamental principles underlying 


their operation remain the same. The final display of 
information on the cathode-ray-tube screen may be 
organized differently in different kinds of oscilloscopes. 
By this we mean that the final image which appears on 
the screen may be shown in what is known as rectangu- 
lar co-ordinates, or in the so-called polar co-ordinates. 
In the rectangular co-ordinate system, the quantities 
involved are shown along two axes or co-ordinates 
which are mutually perpendicular. In the polar co- 
ordinate system, the quantities involved are shown 
along a path described by a rotating radius of varying 
length. 

The customary manner of illustrating a periodic 
quantity such as a sine wave, corpplex wave, or a reso- 
nance curve, is representative of the use of rectangular 
co-ordinates, which are mutually perpendicular, 
dicated in Figs. 6-1A through C. The difference be- 
tween these three drawings is simply the point where. 
the two co-ordinates intersect each other, The co-o 
dinate or axis which is oriented perpendicular to a 
erence horizontal axis such as the earth's surface 
always is identified as the Y axis or ¥ co-ordinate ; the 
co-ordinate or axis which is oriented parallel to the ref- 
erence horizontal axis is known as the X axis or X 
co-ordinate. Usually amplitude is shown along the Y 
axis, and time is shown along the X axis, but this type 
of organization is not a must; any combination of 
functionally related quantities may be shown, as indi- 
cated in Figs. 6-1D through F. Fig. 6-1D illustrates 
the response curve of a discriminator system; Fig. 
6-1E shows a conventional sine wave and Fig. 6-1F 
illustrates a tube characteristic. All of these are traces 
which can be displayed on a cathode-ray-tube screen, 
and are but a few of the very many different types of 
rectangular co-ordinate presentations. 

In every instance one quantity is shown along the 
vertical or Y co-ordinate and the other quantity, what- 
ever it may be, is shown along the X axis. In Fig. 6-1D, 
output voltage is shown on the Y axis and frequency is 
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6-1E, amplitude appears. 
along the Y dimension and time is shown along the X 
dimension, the latter being graduated in time, electrical 
ans, or whatever other units are used to 
e - IF, the Y axis indicates current 
and the X axis is calibrated in terms of voltage. 
‘The polar co-ordinate method of presentation can 
most easily be represented by a circular trace as in 
Fig, 6-2, wherein the circular path is traced by the 





radius v rotating at a constant angular velocity. In the 
illustration shown, a sine wave is presented along polar 
co-ordinates. More detailed examples of this type of 
display will be given later. 

In the meantime, reference to the illustrations in 
Fig. 6-1 and in Fig. 6-2 makes it clear that the presen- 


tation of information concerning a quantity which 
varies relative to some other factor requires a two- 
dimensional display. In other words, anything which 
involves two variables can be displayed properly only 
in two dimensions. For example, the sinewave curve 
in Fig. 6-1E, repeated as a matter of convenience in 
Fig. 6-3, would be a straight line if the time dimension 
were omitted, and as such would furnish very limited 
information,—in this case only the over-all peak-to- 
peak amplitude, if suitably calibrated. Any information 
concerning the instantaneous changes with time would 
beabsent. 


Fig. 63The sine wave 
shown in Fig. 6-1E ia di- 
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The Two-Dimensional Deflection System. 


In order to produce a display along rectangular co- 
ordinates, the standard electrostatic tube employs two 
deflection systems, Each of these consists of a pair of 
plates so arranged relative to each other that the fields 
created by voltages applied to each pair are positioned 
at right angles to each other. In this way, one field pro- 
duces a deflection along the Y axis and the other field 
produces a deflection along the X axis, Each can be 
used independently of the other or they can be used 
simultaneously. 

Since each of the deflection fields is assumed to be 
uniform, the lines of force of the two fields are mutually 
perpendicular. A pictorial representation of these two 
fields looking head-on from the front of the tube would. 
look like Fig. 6-4. Everywhere the lines of force of one. 
field are at right angles to the lines of force of the other 
field. The pairs of plates responsible for these fields are 
A-B and C-D. 

Understandably, the orientation of the two deflection 
systems is relative to the reference plane, Since the fun- 
damental principle of operation is independent of the 
physical orientation of the plates, either set of plates 
may be used to produce a deflection in either direction, 
It is simply a matter of how the tube as a whole and 
hence the plates within the envelope are positioned, 
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‘Turning the tube through 90° in either direction in- 
verts the relative orientation of the two deflection 
systems, 


Constants of Electrostatic Deflection Systems 


In order to analyze the constants of electrostatic de- 
flection systems, itis best to examine each system sepa- 
rately, So, for the moment, we shall assume that only 
ne set of plates exists within the envelope; the pair 
which is closest to anode 2, To most conveniently at- 
tain our goal, we shall once more discuss the funda- 
mental action taking place within a pair of charged sur- 
faces, except that this time we shall associate the action 
with a number of other variables. It should be under- 
stood that such a one-dimensional deflection system is 
not entirely useless, but from the modern viewpoint of 
what a cathode-ray tube should do, it is impractical. 
Nevertheless, it does serve as a basis of analysis, 

The composite field pattern shown in Fig. 6-4 may 
seem to contradict the earlier statement that electrical 
lines of force cannot cross each other. The statement 
remains valid, and the contrary impression stems from 
the manner of illustrating the positions of the two de- 
flection systems, Actually they are not located in the 
box-like manner indicated in the figure; instead they 
are side by side along the path of the electron. In other 
words, the two deflection systems are laterally dis- 
placed relative to the origin of the beam, that is, the 
aperture in the accelerating anode. The box-like ar- 
rangement shown in Fig. 6-4 was tried by Von Ar- 
denne, but was found wanting, because the single field 
produced by the two voltages was not uniform through- 
out the space between the two sets of plates. 

In present-day electrostatic tubes, the two deflection 
systems are arranged as shown in Fig. 6-5. Exceptions 
to this arrangement exist, and will be described, but 
for the present, we can forget about them because the 
method shown is standard in better than 99 per cent 
of the electrostatic tubes in use. One set of plates is 
closer to the accelerating anode 2, than is the other. 
Thus each field acts separately on the beam, and theo- 
retically independently of the other. Since the beam 











Fig, 65—The arrangement of the defection plates within 
the tbe; one pair of plates i. cloner to the aeclerating anode 
(42 than the other, assuring independent beam defection by 
‘ach et of pates 


may be viewed as originating at 42, the deflection sys- 
tem closest to that electrode acts on the beam first, fol- 
lowed a short time later by the second deflection sy: 
tem. For the moment, we can assume that this lapse of 
time is so short as to be entirely negligible, so that in 
effect, both plates act in concert, Be that as it may, the 
usual circuit arrangement is to employ the deflection 
system nearest the electron gun (anode 2) to produce 
the vertical or V” deflection, and the deflection system 
farthest removed from the gun, to produce the hori- 
zontal or X deflection. 

In Fig. 6-6A the dotted line X-X" is the axis of the 
tube system. The electrode 42 is the apertured accel- 
erating anode operated at a potential V,. The electron 
beam produced within the gun issues through the aper- 
ture and enters the deflection area with a velocity de- 
termined by Vs. The two horizontal plates (vertical- 
deflection plates) are a distance Dp apart and each 
plate has a length Lp. The two plates are subjected to 
A difference of potential (the deflection voltage) Vy. 
The electrostatic field present between plates A and B 
is a function of P^, and its intensity may be expressed 
by 

Bar. (61) 

It is significant to note that the midpoint of the de- 
Section system is at a distance D, from the screen S-S’, 
This, then, is the geometry of the single-element elec- 
trostatic deflection system. Let us now assume that the 
deflection voltage is temporarily removed, and the elec- 
tron beam, propelled into the deflection area, advances 
along the axis X-X” unimpeded until it arrives at the 
screen, and strikes it at X”, the geometric center of the 
screen surface. Now the deflection voltage is applied, 
and according to the principles described in Chapter 2, 
an electrostatic field is created within the space be- 
tween plates 4 and B. Because of the polarity of the 








screen 
в) 

applied voltage, the lines of force are directed toward 
plate A, This will deflect the beam upward causing it 
to leave the deflection area (theoretically limited by 
the physical boundaries of the two surfaces) at an angle 
6 relative to the axis X-X”. The beam now strikes the 
screen at a point Z, which corresponds to a displace- 
ment У from the geometric center X”. This change in 
the location of the fluorescent spot on the face of the 
tube would be as shown in Fig. 6-6B. 

Continuing with the analysis of : 
‘examine some of the variables. What determines the 
distance Y — or the deflection on the screen? The first. 
impression is that it is a function of the angle 6. That is 
correct, but in turn, this angle is determined by four 
other related conditions. These are the accelerating 
potential Va, the deflection voltage V,, the length L, of 
the two plates, the separation D, between them, and the 
distance D, between the deflection plates and the 
screen. 

‘The reasons for the control of the deflection angle е 
by these factors is simple. The higher the accelerating 
voltage V/,, the more rapidly will the beam traverse the 
field space. Therefore, the less time will be available for 
the deflection force to act on the beam. Consequently, 
angle @ will be reduced. This is so regardless of the 
value of the deflection voltage, the length of the plates, 
or the separation between them, all of which are as- 
sumed constant in value during the variation of Va. 








Fig. 6-7—The depend- 
cence of the vertical deflec- 
tion on the distance D, be- 
tween the screen and the 
deflection center O for con- 
stant deflection angle ¢. 





For any one value of Vg, that is, beam velocity, the 
higher the defection voltage V,, the greater will be the 
angle 6. The same is true, if Ve and V, and the plate 
separation /)y are maintained constant, and the length. 
Lo is increased; or if Ve, Vg, and Ly are constant and 
D, is decreased. 

Now the path taken by the beam after deflection rela- 
tive to the undeflected path X-X”, forms the angle 0, 
and if we project these two imaginary lines — the un- 
deflected beam path and the deflected beam path to the 
screen surface,— we have formed the right triangle 
shown in Fig. 6-7. The base of this triangle is the tube 
axis 0-X', the hypotenuse O-Z (the deflected beam 
path) and the altitude is Z-X’, which equals the dis- 
placement of the spot along the screen surface. By ref- 
erence to Fig. 6-GA, we sec that the base of this right 
triangle corresponds to Dy, the distance to the screen. 
from the midpoint of the deflection plates. 

Without recourse to any mathematics, it is readily 
evident that if the distance D, is increased to become 
Dy in Fig. 6, shown by the dotted-line extension, the 
deflection angle 6 remains as before, but the beam path 
will be increased to O-Z' and it will strike the screen 
at Z', a greater distance from X" than before, thus in- 








creasing the deflection to Y". 
Mathematically, the dimension of Y is expressed by 
Y =D,tanê (62) 
and 
y tanê. (63) 






From the foregoing, i is evident that the deflection 
of the spot on the screen for any given value of deflec- 
tion angle is determined by the distance between the 
center of the deflection plates ond the screen, The 
greater this distance for any fixed operating condition, 
the greater is the deflection on the screen. This is true 
regardless of the direction in which the field is active, 
and regardless of the orientation of the deflection 
plates. 

From this, one might arrive at the general conclu- 
sion that the longer the over-all length of the cathode- 
ray tube, the greater will be the deflection per unit 
voltage applied to the deflection plates. Generally 
speaking, this is true, if the tubes being compared are 
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of like types, as far as accelerating potentials are con- 
cerned. For any comparison of tubes, all of the vari- 
ables must be taken into account. Differentiation be- 
tween tubes relative to meeting certain specific require- 
ments is made easy by certain constants. Among these 
are deflection sensitivity and deflection factor ratings. 


Deflection Sensitivity 
Taking electrostatic tubes as a general category, the 

deflection on the screen of any one tube is determinable 

from the equation 

D,X LX V, 

2D,X V, 





deflection sensit em per volt d.c. 

(64) 
where all lengths are in centimeters (1 cm = 0.3937 
inch) and the potentials are in practical units of volts. 

From this we can see that if all but one factor at a 
time are held constant : 

(1) the deflection is proportional to 
(a) the distance between the deflection plates and 
the screen D, 
(b) the length of the deflection plates Ly 
(e) ће deflection voltage Vy; 
(2) and the deflection is inversely proportional to 
(a) the separation between the deflection plates 
Dy 
(b) theaccelerating voltage V. 

Since the screen usually is described in linear dimen- 
sions, as for example, a 3-inch, a S-inch screen, etc., by 
which is meant the full diameter (not necessarily the 
useful diameter), one might expect that the dimensions 
of the image formed on the screen would also be de- 
scribed in inches. Actually that is not the case 
customary to state deflection in units of the metric sys- 
tem, usually in millimeters, where 10 mm = 1 em 
0.3937 inch. However, the mere reference to a certain 
number of millimeters of Y-deflection would be mean- 
ingless, unless the basis of the deflection also were 
given because, as we have seen, many factors control 
the extent of the deflection. Foremost among these is 
the deflection voltage which determines the utility of 
the tube for certain applications. An image of suitable. 
size can be obtained only if the relationship between 
the deflection voltage and the consequent deflection on 
the screen permits it. There are also other factors 
which govern the suitability of the tube, as for example, 
the intensity of the trace, but for the moment, we will. 
concern ourselves with the dimensional aspects. The 
relation between the deflection voltage and the deflec- 
tion on the screen is the basis for the deflection sen- 






‘This constant determines the size of the image, i.e., 
the deflection of the spot per volt of deflection voltage. 
For example, tube specifications may state a "deflec- 
tion sensitivity” of 0.2 mm per volt d.c. By this is 
meant that, when operating the tube according to the 
stipulated conditions, every 1 volt of d.c. applied to the 
deflection plates will cause a deflection of 0.2 mm on 
the screen relative to the undeflected position of the 
spot. Some other tube may state that its deflection sere 
sitivity is 0.5 mm per volt d.c., which shows that the 
second tube will produce a deflection two and one-half 
times larger for the same value of voltage on the de- 


-flection plates. 


As an example of the above, let us assume a hypo- 
thetical tube in which 
D, =20.32 cm (8inches) 
D,=1em 
Sá cm (1 inch) 
Vy, = 1voltde. 
И, = 1,000 volts d.c. 
We determine the deflection sensitivity by substituting 
the above values in equation (6-4). The equation now 


reads 
32x 254 x 
defection sensitivity - 2232 ZE 
= 0.0258 cm per volt = 0.258 mm per volt. 

In the event that the sensitivity is expressed in some 
other linear dimension, as for example inch per volt 
d.c., the significance of the term is not altered for com- 
paring sensitivities. It is simply a matter of converting 
the deflection dimensions into like units. 











Deflection Factor 


The deflection factor is another commonly used term 
associated with the behavior of the tube, and indicates 
the voltage required on the deflection plate to produce 
‘unit deflection on the screen. This too is a basis of com- 
parison and it is valuable for the individual who de- 
signs the equipment which will furnish the deflection 
voltage to the tube. Both ratings are to be found in tube 

D 

Expressed mathematically, deflection factor is the 
reciprocal of the deflection sensitivity, or 

DF = PE volts die. per cm (65) 
and for the typical tube constants previously used, the 
converted ratio would be 

pF = 2X1 100 
DIXAN 


3877 volts d.c. per cm 
7 98.4 volts d.c. per inch. 
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Some tube specifications define the deflection factor 
in terms of the second-anode voltage, especially when 
the tube is of such type as to be operable over a range 
of accelerating voltages. The meaning of the rating 
does not change from that which we have explained. 
For example, a tube usable with 1,500 volts or 2,000 
volts on anode 2 may be rated on the basis of 1,000 
volts, the recommended minimum voltage applicable 
to anode 2, in which case, the deflection factor is stated 
as follows 
DI-D2 68.92 volts d.c. per inch/kv of Eve 
03-04 50-68 volts d.c. per inch/kv of Exs 
where D1-D2 are the pair of deflection plates closest 
to the screen, and D3-D4 are the deflection plates lo- 
‘ated closest to the electron gun. All of this means that 
this range of defection factors is multiplied by the 
ratio Ey4/1,000, 
Thus if Ey is 1,500 volts, the defiection-factor range. 
increases by 50 per cent to become 
DI-D2 102-138 volts d.c. per inch 
D3-D4 | 75-102 volis d.c. per inch 

and with 2,000 volts on anode 2, the ratings increase to 
DI-D2. 136-184 volts d.c. per inch 
03-04 100-136 volts d.c. per inch. 

Such specifications also indicate the range of volt- 
ages applicable to anode 1, since the voltage applied to 
this electrode also has a bearing on the over-all opera- 
tion of the tube. The lower limit of the first-anode volt- 
age corresponds to the lower limit of the deflection 
factor at any specified second-anode voltage. Examples 
of this appear later in this chapter, 





Deflection Factor versus Deflection Sensitivity 


‘Two ways of expressing cathode-ray-tube sensitivity 
have been described. It is seen that they vary in oppo- 
site directions ; when the deflection sensitivity goes up, 
as shown by the highest mm per volt rating, the deflec- 
tion-factor rating goes down. The most sensitive tube 
has the lowest volts per inch rating. When two tubes 
are compared on the basis of deflection factor, the tube 
with the lowest volts-per-inch rating is the more sensi- 
tive tube. 

Concerning the deflection sensitivity and the deflec- 
tion-factor ratings, the direction of the defiection does 
not in any way alter the rating of the tube. The ex- 
ample chosen showed upward deflection of the spot. 
This was arbitrary and could just as readily have been 
a downward deflection. It is to be remembered that ће 
character of the voltage applied to the deflection plate 
does not influence the sensitivity ; the geometry of the 


tube and its operating potentials do that. The voltage 
applied to the defection plates is not an operating 
voltage. 


AC versus DC Deflection Voltage 


Another interesting point is the relationship between 
the dac sensitivity rating and an a-c voltage applied to 
the deflection plate. Assuming this to be a low fre- 
quency, say 60 cps, the d-c deflection shown in Fig. 
6-6A corresponds to the peak voltage of the positive 
half of the cycle. If a 60-cps voltage were applied to the 
plates shown in Fig. 6-6A, the trace on the screen 
would be a straight line ha: a length twice as long 
as the length Y, one half of this line being located above 
the point X”, and the other half being located below this 
reference point, The application of an alternating volt- 
age to the deflection plates causes each plate to assume 
a different polarity alternately, thus deflecting the elec- 
tron beam upward and downward, with the maximum 
spot displacement being determined by the peak volt- 
age values, This is shown in Fig. 6-8, Thus half of the 
complete line formed by an a-c deflection voltage cor- 
responds to the displacement of the spot when a d-c 
voltage equal to the peak value of the a-c voltage is 
applied. 








одатан це ano 
TN 2 
x loses 
voci == 8 
— 
vede reU S 
i 8 


Fig. 6-8—The deflection of the spot when an c voltage is 
applied to he vertical defection plate. T 


Two Sets of Deflection Plates 


As we descrihed earlier in this chapter electrostatic- 
deflection cathode-ray tubes utilize two sets of deflec- 
tion plates which are located along the axis of the tube 
system, which is the path of the undeflected electron 
beam. Having determined the constants of one deflec- 
tion system, let us now investigate the second system 
and its relationship to the first. 

In Fig. 6-9 are shown two pairs of deflection plates. 
Disregard their shape because this simplified illustra- 
tion is not an attempt to show the exact physical de- 
tails of the deflection system. One pair of plates is 
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Fig. 6.9.—The arrangement of the deflection plates in the 
tube; note that the plates 113-D4 are closer to the electron gun, 
and hence have higher deflection sensitivity. 


identified as D3 and D4, These are located closest to 
the electron gun, and it is important to note that it is 
standard tube practice to identify the deflection plates 
nearest the accelerating anode 2 by these designations. 
In some instances, the letter J may be interposed be- 
tween the D and the number. Throughout this book 
we omit the letter J and use but a single letter and its 
associated number, The D3-4 plates are at a distance 
Da, from the screen as shown in Fig. 6-9, The D3-D4 
plates in a tube are usually the vertical deflection 
plates ; however, in a few instances, it is recommended 
that they be used for the horizontal deflection, 

The second set of plates, the plates nearest to the 
screen, is turned through 90° relative to the first, and 
usually produces the horizontal deflection, These plates 
are marked 191-102 in accordance with standard tube 
engineering practice. If viewed from the front of the 
tube, the two sets of plates will present four edges as 
shown in Fig. 6-10. 








[E 


‘The deflection sensitivity of the D1-D2 pair of plates 
which is closest to the screen will be less than for the 
‘D3-D4 plates, if for no other reason than that a projec- 
tion of a unit deflection angle to the screen will produce 
a smaller deflection because that surface is closer to 


the deflection system. In turn, the deflection-factor 
rating will be higher. This condition will be found to 
be true in all electrostatic-type tubes containing a dual 
deflection system, such as we have described, and it is 
so shown in tube specifications. 

Changing the orientation of the tube so that the di- 
rections of deflection are inverted does not alter the 
sensitivity associated with each set of plates. If the 
horizontal pair is used for vertical deflection by turn- 
ing the tube through 90°, the sensitivity rating of that 
pair is still less than for the other pair of plates, In 
some instances, when such tubes are used as television 








* picture tubes, the recommendation is made to turn the 


tube as a whole through 90° and to use the deflection 
plates nearest the gun for the horizontal deflection, and 
the other pair of plates for the vertical deflection, We 
recall this in connection with the 7DP4 tube. The rea- 
son for such a suggestion is that the ratio of sensitiv- 
ities of the two deflection systems approximates the 
4 to 3 aspect ratio of the picture. Thus equal values of 
signal voltages may be applied to both sets of plates 
and still produce the properly dimensioned raster on 
the screen, Normally, the horizontal deflection system. 
demands a higher signal voltage since the picture di- 
mension is longer in that direction. 


Vertical versus Horizontal Deflection Sensitivity 


The fact, that the horizontal deflection system in a 
cathode-ray tube is less sensitive than the vertical de- 
flection system has been established. It is also of i 
terest to know that the ratio between these two sensitiv- 
ity ratings is not constant in all tubes of different type 
number and different over-all dimensions. It would be 
natural to expect a variation when the tube type num- 
bers differed, but it would also be reasonable to imagine 
that tubes of like over-all length might have equal sen- 
sitivity ratings, or at least that the ratio between the 
ratings of these two deflection systems would be the 
same. That is not so in practice, however, In some in- 
stances, the difference in deflection-factor ratings for 
the two deflection systems may be as much as 50 per 
cent for some tubes of a certain over-all length, and in 
another tube of the same length, it may be only 12 to 
15 per cent. Assumptions of any kind are unsafe, and 
it is recommended that tube specifications be consulted 
if comparative data are required. 





Tube Length versus Electrostatic 
Deflection Factor 

It might seem from Figs. 6-7 and 6-9 that the tube 
with the greatest over-all length would have the highest 
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sensitivity or lowest deflection factor. Generally speak- 
ing, one might say that such reasoning is sound, yet in 
practice, this should not be taken for granted, since 
other factors are also involved. Below are given some 
comparative figures for a few popular types of tubes. 
TUNE TYPES 
EUN xer sari 
zie wm 

n 190 am | iam “Za, 
BE co-pay wpm 


mo | osa кйм 
тк (рур) а П dn 
Overall eng ЮМ 10% | юш 10 Û 16% мн 


For equal second-anode voltages, the longer tube is 
‘usually the more sensitive one. However, the 3KPI, a 
tube only 1074 inches long, operated with 1000 volts 


оп anode 2 is more sensitive than any of the longer 
tubes listed in the table. 





Effect of Intensifier Voltage on Deflection Factor 


Earlier in this text (in Chapter 5) we discussed the 
pros and cons of post-deflection acceleration, Here are 
some figures to show that this form of trace intensifi- 
cation affects the sensitivity rating of the tube, but not 
to such an extreme as to defeat its usefulness. In fact 
the sacrifice in sensitivity is relatively low, and in nu- 
merous applications where high trace intensity is essen- 
tial to successful application of the tube, the advan- 
tages far outweigh the disadvantages. 
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Examining these figures, we note that the deflection 
factor is increased approximately 25 per cent as a con- 
sequence of making Ey = 2 Ey relative to Ey = Evy. 





Practical Aspects of Sensitivity Ratings 

From the practical standpoint, deflection sensitivity 
and deflection factor mean certain specific things. To 
begin with, we have thus far only discussed the tube 
alone and ignored complete equipment, that is, ampli- 
fiers used ahead of the two deflection systems. There- 
fore, a difference in deflection-factor rating means that 
for like values of signal voltage applied to the two sets 
of plates, the deflections obtained will have different 
values. The deflection system with the highest sensi- 
tivity rating (deflection-factor rating) will produce 
the trace of largest dimension. 

Naturally, if unlike voltages are applied to the two 
deflection systems, and their ratio is exactly the recip- 


rocal of the ratio of the two deflection-system ratings, 
‘equally deflected traces will be produced by both sys- 
tems. Thus if the horizontal deflection system is rated 
50 per cent below the vertical deflection system, and the 
peak value of the voltage applied to the horizontal sys- 
tem exceeds the peak value of voltage applied to the 
vertical system by 50 per cent, equal traces will be pro- 
duced by Loth deflection systems. 

When amplifiers are used ahead of the two deflection. 
systems, the tube ratings can retain their significance, 
or they can be nullified completely, since the contribu- 
tion made by the amplifying system can more than off- 
set any difference in the tube ratings. 

The use of amplifiers ahead of the two deflection 
systems modifies the over-all ratings, which invariably 
are given in terms of deflection factor, Now the size of 
the trace is determined by the basic sensitivity of the 
tube and the amplifying capabilities of the amplifier. 
Due to the latter, the voltage required at the input of 
the amplifier for a unit dimension trace is reduced far 
below that required at the terminals of the deflection 
plates. Moreover, since the amplifier is an a-c device, 
the deflection-factor rating now is given in terms of 
rms values instead of d-c values, 

For example, the deflection factor of ће ЗАР type 
tube is 76 volts dc. per inch on the horizontal deflect 
plates 1-2 and 73 volts d.c. per inch on the vert 
deflection plates 23-04 with 1,000 volts accelerating 
potential. The complete equipment using the same tube 
and operated at an accelerating potential of 1,100 volts 
affords a deflection factor of 0.7 volts rms per inch for 
both the X and Y deflection systems. The increased 
sensitivity is due to the amplifiers which are associated 
with each of the deflection systems. This is explained 
more fully in Chapter 10. 

Sometimes the deflection-factor rating of the hori- 
zontal deflection system in complete oscilloscope equip- 
ment exceeds the rating of the vertical deflection sys- 
tems. This is a matter of an amplifier design and does 
not mean that the tube affords greater sensitivity along 
the horizontal dimension than along the vertical di- 
mension. 

Referring to the improvement in deflection factor as 
а result of the amplifiers, it is not always the same in 
all equipment. The frequency range of the amplifiers 
has a great bearing on the amplification it affords. We 
shall not say much about this at this time, because the 
subject is treated separately in Chapter 10. However, 
we might mention that sometimes the deflection factor 
of the vertical deflection system in complete equipment 
covers a range of values, becoming greater (less sensi- 
tive), as the signal frequency is increased. 
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Commercial Electrostatic Deflection Systems 


Several illustrations in Chapter 5 showed the detail 
of modern electrostatic deflection systems as a part of 
the mount which supported the electron gun. Here are 
several photographic views of the early and modern 
arrangements. 

Standardization among electrostatic deflection sys- 
tems is very widespread, although a few minor differ- 
ences will be found. They are, as a rule, differences in 
physical dimensions and separation between the elec- 
trodes. Anyway very few radical changes have been 
made since the very first commercial cathode-ray tube. 
‘The most important has been a modification in the 
shape of the individual deflection plates. 

In the very early version of the tube, the deflection 
plates were straight surfaces parallel to each other 
throughout, as shown in Fig. 6-11. This is the deflec- 
tion system used in the gas-focused Western Electric 
224A described in Chapter 5. Such construction had 
one prime disadvantage in the light of the modern-day 
tube. If the separation between the surfaces of each 
pair of plates was kept to a minimum so as to intensify 
the field, thereby attaining a high order of sensitivity 
and a reasonable deflection on the screen, it tended to 
restrict the magnitude of the deflection voltage. If the 
deflection voltage exceeded a comparatively low figure, 
the path of the deflected beam would be bent sufficiently 
to strike the surface of the plate, thus impeding the ad- 
vance of the beam to the screen. To overcome this by 
increasing the separation between the plates was un- 
desirable, because it reduced the sensitivity. Thus the 
dimension of the deflection on the screen was limited, 
although the original design allowed more than ample 
deflection on the 4-inch screen which was used. 
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Conrtery Bet Telephone Labs 
Fig. 6-11—Gas-focused Western Electric Type 224A. 
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Modern deflection plates have been reshaped so as 
to follow the contour of the deflected beam, thus allow- 
ing increased deflection angles and larger traces with- 
‘out impeding the progress of the beam to the screen. 
Such plates can be seen in Fig. 6-12 and Fig. 6-13. 
They are parallel for a portion of their length, then 
they diverge. Of course, if excessive values of defiec- 
tion voltage are applied to plates of this shape, the beam 
will be bent sufficiently and it will strike the plates. 





Courtery Du Mont Labs, 


Fig. 6-12—Type SGP-A electron gun; note the shaping of 
the defection plates. 


However, the modern design affords both increased 
sensitivity and greater latitude in the range of appli- 
cable deflection voltages. 

The normal location of the conventional electro- 
static-deflection system inside the neck of a modern 
cathode-ray tube is shown in Fig. 6-13. The relative 
locations of these plates with respect to the gun and the 
remaining portions of the tube can be seen clearly. The 
V-shaped structure immediately above the spider, 
which joins the accelerating anode in the gun to the 
second-anode coating on the inside of the tube, is the 
vertical deflection system. Above it is the horizontal 





sidering the small dimensions of the beam, the active 
portion of each of the defection plates is a very small 
part of the entire surface, although the entire area of 
each plate is a charged surface. The importance of 
properly orienting the opening of the upper set of 
plates relative to the deflected beam issuing from the 
lower set is readily evident. Improper positioning wilt 
not only place the beam in a nonuniform field, but may 
actually cause the plate to interfere with the passage of 
a portion of the beam, or at least canse it to strike the 








Courtesy Du Mont Labs 
Fig. 6-13—Cut-away view of electrostatic type SCPI. 


nearest deflection plate sooner than the other plate, 
thus producing a nonlinear deflection on the screen for 
a linear deflection voltage. 


‘Two-Dimensional Deflection 

The process of two-dimensional electrostatic defiec- 
tion is nothing more than a combination of two indi- 
vidual deflection processes. The description we shall 
give at this time will be very limited because several 
chapters later on are devoted to a full explanation. 

Let us consider the exaggerated illustration of de- 
flection shown in Fig. 6-14A. Here we work with dcc 
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applied simultaneously (B) the 
application of two sinusoidal 
voltages of equal frequency and 
amplitude result in a circle, 
shown in (C) 





(e) 


voltages and we shall assume an appreciable lapse of 
time between the deflections in the two directions. The 
heavy dot in the illustration is the undeflected beam 
traveling toward the viewer out of the paper. The volt- 
age applied to the vertical deflection plates D3-D4 
applies a force f, to the beam and it is moved upward as 
shown by the arrow, After reaching the upward limit 
of deflection, the voltage is applied to the horizontal 
deflection plates D1-D2, shown by dotted lines, and 
because of the polarity of this voltage, the beam is 
moved toward the left, so that the final position of the 
deflected beam is that shown by the circle, Now, if we 
assume simulfancous deflection forces of like magni- 
tude, the same final location of the beam is obtained, 
as shown hy the simple vector diagram in Fig. 6-14B. 
Here the vertical deflection force is f, and the hori- 
zontal deflection force is fi, the two acting at right 
angles to each other. The resultant force is established 
by the parallelogram method, the final location of the 
beam being indicated by the position of the circle. It is 
identical to that indicated before. Since the electron 
beam is made up of discrete particles, it stands to rea- 
son that it cannot be in two places at one time, no mat- 
ter how great its velocity. Therefore, any position of 
the beam due to the application of two simultaneously 
acting forces is the resultant of the two. No matter 
what the character of the trace which appears on the 
screen, it is due to changing positions of the beam, that 
is, the motion of a single spot. 

Just as the deflection of the beam due to a single 
voltage is determined by the magnitude of the voltage, 
the resultant deflection in a dual-deflection system is 








122 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


determined by the direction and magnitude of the two 
individual deflection forces. Thus in Fig. 6-14B, the 
final location of the beam corresponds to an angle of 
135° because the two force vectors fe and f, are due to 
two voltages of equal magnitude and are positioned at 
90° and 180° with respect to the positive X-axis. 

If we apply two sinusoidal voltages of like frequency 
and magnitude and 90° apart, to the two deflection 
systems of Fig. 6-14B, the changing deflection forces 
applied to the beam will cause it to describe a circle, as 
shown in Fig. 6-14C. The actual development of this. 
motion is too long to be described at this time, espe- 
cially since a complete chapter is devoted to the sub- 
ject later in this book. For the present, accept this 
statement as well as the fact that two such voltages 
produce a rotating voltage vector of constant ampli- 
tude and constant angular velocity. The how and why 
of this will be explained fully in Chapter 12. 








Radial Deflection (J Scope) 


A modification of the basic dual electrostatic-deflec- 
tion system shown so far in this chapter is the tube 
wherein a third electrostatic deflection element is used. 
‘This type of tube is an outcume of the need for presen- 
tation along polar co-ordinates, although such presen- 
lation is possible without recourse to this third elec- 
trode, The Armed Forces made use of this type of tube 
ina number of radar units and the display was identi- 
fied as the J-scan (tube type — 3DP1). Fundamen- 
tally, the tube is a standard electrostatic-type cathode- 
ray tube, except that an additional electrode in the 
form of a thin metallic rod is mounted at the center of. 
the screen. The rod extends through the space between. 
the screen and the deflection area, although not into the 
area occupied by the deflection plates. The other end 
of the rod protrudes through the screen where a snap- 
on clip enables electrical contact with the rod. The tube 
is shown in Fig. 6-15. The radial deflection electrode. 











ig. 6-15.— Type 3DPI J tube, showing the central deflection 
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is clearly visible at the center of the screen. Some tubes, 
such as the 3CP1, also provide an etched scale on the 
screen for the determination of distances to the target, 
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Fig. 6-16.—Internal construction of the J scope. 


picked up by the equipment. Fig. 6-16 affords a gen- 
cal idea of the construction and the relative location 
of the radial deflection electrode and the conventional 
deflection plates. 

In the operation of this tube, the trace on the screen 
is organized’along polar co-ordinates. Two sinusoidal 
voltages of equal magnitude and 90° out of phase are 
applied to the two pairs of deflection plates, The re- 
sultant trace on the screen is a circle, as in Fig. 6-14C, 
This is the time base for the display. The speed with 
which the spot travel» around the screen describing the 
circle, or the angular velocity of the rotating voltage 
vector, is a function of the frequency of the voltages. 
applied to the deflection plates. Thus the time base can 
be calibrated in terms of time in microseconds, Now, 
if a voltage is applied to the radial deflection electrode, 
it will set up a radial field between it and the second- 
anode coating on the inside of the tube envelope. There- 
fore, the beam which follows a circular path in the 
space between the deflection area and the screen is 
moving through the electrostatic field between the 
radial deflection electrode and the second-anode coat- 
ing. How this second electrostatic field will affect the 
beam depends upon the instantaneous magnitude and 
polarity of the second field. By suitable arrangement, 
the signal voltage applied to the radial electrode can be 
such as to momentarily deflect the beam away from its 
path, that is, kick the beam outward, causing an instan- 
taneous increase in the length of the radial voltage 
vector which is describing the circle. The extent of this 
"kick" is a function of the amplitude and time duration 
of the radial deflection voltage, 

Thus in Fig. 6-17A, we show the circular time base 
without any voltage applied to the radial deflection 
electrode. The circular trace is the result of the two 
sinusoidal voltages applied to the two pairs of deflec- 
tion plates. Now a momentary signal voltage in the 
form of a pulse is applied to the radial deflection rod, 
and this pulse voltage has such polarity as to kick the 
beam outward. The appearance of the trace now is as 
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Fig. 6-17.—(A) shows the circular time base produced on 
the screen of the J scope before a deflection voltage has been 
applied. In (B), the circular hase has been modifed by a mo- 
‘mentary voltage pulse applied to the radial defection electrode, 
in (C) a pulse of the opposite polarity is applied to the elec- 
trode, and (D) shows the appearance of the trace after a sine- 
wave voltage is impressed on the radial deflection electrode. 

















in Fig. 6-17B. A change in the polarity of the radial 
deflection pulse can cause the trace to kick inward as 
in Fig. 6-17C. If the voltage applied to the radial de- 
flection electrode is a sine wave, the final trace on the 
screen will appear like that shown in Fig. 6-17D. 

It is significant to note that the frequency of the sig- 
mal which produces the time base (circle) is not 
changed when the radial deflection voltage is applied ; 
in other words, the voltage applied to the radial de- 
flection rod dues not influence the operation of the 
regular deflection system. The circular moving beam 
changed in its orbit by the radial deflection field after 
it has left the regular deflection system. 

The latter point is important because of circuit modi- 
fications which enable the development of a similar 
trace without recourse to a second radial deflection 
field. This is explained fully later ; for the present, let 
it suffice to say that the voltages applied to the regular 
deflection plates, which develop the circular time base, 
are so modified momentarily by a supplementary signal 
voltage, as to produce traces like those shown in Figs. 
6-17B through D. Without this supplementary voltage 
the trace appears like Fig. 6-17A. 








Radial Deflection (Truncated Cone System) 
A type of tube which affords radial deflection with- 
‘out recourse to the external radial deflection electrode 
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Fig, 6-18—Gun mount for the ET 3000 radial deflection 
cathode-ray tube. 





is shown in Fig. 6-18.! This tube makes use of the usual 
electron gun, the conventional dual set of parallel de- 
flection plates, and has in addition two truncated cones 
mounted in the space between the deflection system and 
the sereen of the tube, These are located above the 
uppermost set of deflection plates, one cone being con- 
centric with the other, with a space between them, 
The application of two voltages equal in amplitude 
and frequency 90° apart in phase to the deflection 
plates creates the circularly moving beam. By suitable 
values of these voltages the diameter of the circle traced 
by the beam is such as to cause it to rotate within the 
space between the two cones. The signal voltage re- 
quired for the radial deflection of the beam, which may 
be described as modulation of the beam, is applied 
across the two cones, thus developing a field between 
these surfaces, With alternating voltages applied to the 
radial deflection system, the modulation of the beam 
will take place in both directions and the trace devel- 
oped will resemble that shown in Fig. 6-17D. If a uni- 
directional voltage is applied across the cones, the beam 
Rd Маны Am piter нде 
Eng, vol 14 pp. 12, Janary, 1037. icd 


124 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


will be deflected outward or inward, depending upon 
the instantaneous polarity of the voltage. 

‘The physical space between the cones determines the 
maximum modulation, therefore, the maximum ampli- 
tude of the voltage applicable for radial deflection. Ex- 
cessive beam modulation voltage will cause the beam 
to strike either or both inner-cone surfaces, thus infer- 
rupting the advance of the beam to the screen. Accord- 
ing to the manufacturer, the design of these systems 
permits a peak-to-peak modulation of about 34 inch. 
Two screen diameters are available, 3 inches and 5 
inches, The latter affords circular time bases which 
may be varied from 176 inches to 334 inches in diam- 
eter with the aforementioned amount of radial deflec- 
tion, without interference from the cone structure. 
This, of course, assumes that the recommended second- 
anode and post-deflection accelerating voltages are em- 
ployed. Comparative tests made by the manufacturer 
indicate that the radial deflection sensitivity of this type. 
of construction is about six times that available with 
the 3DP1. 





Radial Deflection Factor 


tis understandable that the radial deflection system 
also will bear some rating of the magnitude of voltage 
required to produce a certain value of radial deflection. 
In other words, radial deflection systems also have 
deflection-factor ratings. For the tube shown in Fig. 
6-18, the rating is 90 volts d.c. per inch. 


Combined Radial and Rectangular 
Deflection Tubes 


By combining in one tube envelope systems for rec- 
tangular and radial deflection, both types of traces may 
be produced. An example of this is shown in Fig. 6-19, 
wherein three individual guns are employed. Two of 
these are associated with conventional deflection plates 
for rectangular co-ordinate traces, whereas the third is 
intended for polar co-ordinate traces. It is interesting 
to note that tubes specifically designed for radial de- 
flection, such as the one which utilizes the radial deflec- 
tion electrode, and those which use the cones, are not 
very satisfactory for the production of traces organized 
along rectangular co-ordinates. The reason is the pres- 
ence of the radial deflection elements in the path of the. 
beam. This is truer in the case of the cone structure 
than in the case of the single-rod type electrode, but in 
either case, limitation. 

Such restriction in use is absent in the system which 
enables polar co-ordinate presentation with the con- 
ventional tube, but utilizes specially designed ampli- 
fiers. It is, therefore, evident that the selection of one 








Fig, 6-19—Internal con- 
struction of the Type 73HU 
‘S-gun cathode-ray tube, 
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type of tube or the other is a matter of what is to be 
shown, as well as the consideration of all of the factors 
involved. 


The Split-Beam Deflection System 

Modification of the usual deflection system used for 
rectangular co-ordinate traces is to be found in a tube 
introduced in the United States from a British-made 
oscilloscope. This is the Cossor split-beam tube, where- 
by two separate traces may be made to appear on the 
tube face, This differs in several ways from the usual 
dual beam using two electron guns. First, a single elec- 
tron gun is used, and second, the beam is split into two 
parts, each separately controllable after leaving the 
electron gun. 
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The tube made its appearance as early аз 19392 but 
only after the war did complete equipment utilizing it 
become available in the United States. The full details 
of the complete oscilloscope are to be found in Chapter 
22; in the meantime, the schematic representation of 
the gun and deflection-plate assembly are shown in 
Fig. 6-20. Constructional details are shown in Figs. 
6-21A, 6-218, and 6-21C. The cathode lens is formed 
between the control grid and the accelerating anode 
Al, The principal focusing lens is formed between 
anodes 42 and 43. These designations differ from 
those used in this country, but conform with the de- 
scriptions as given by the author. 


pm 
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Fig. 6.21-—Constructionl details of the British Cossor split- 
team cathode-ray tbe, The splitter electrode i visible et be- 
tween two defection plates below the top of (C) 


Cloge to 43 and connected to it, and directly in the 
path of the beam issuing through the aperture of 43, 
is a thin piece of metal, the splitter plate. This divides 
the beam in half and acts as electrostatic shield between 
the two vertical deflection plates 173 and D4, so that 
a potential applied to one of the plates will act only on 
one half of the beam. The splitter plate is kept short 
and the deflection plates are relatively close together 
зо as to attain the minimum loss in sensitivity. In a 
given design of cathode-ray tube, if the ratio of de- 
flector-plate separation and deflector-plate length are 
kept constant, the sensitivity will remain practically 
constant no matter how short the plates. Of course, if 
the separation between the plates is made too small, the 
permissible deflection voltage likewise will be kept to 


Fleming. Williams, B. C. "The Double-Beam Cathode! 
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an extremely small value in order to prevent inter- 
ference with the travel of the beam toward the screen. 
‘Owing to the limited size of the splitter plate, the 
shielding of the two halves of the vertical deflection 
system is not perfect, and unless proper correction is 
applied, a deflection voltage applied to one vertical 
defection plate would affect the other. Since the 
screening capabilities are limited consistent with mini- 
mum loss of efficiency, an artifice is used to attain the. 
desired results. This is the use of two additional de- 
flector plates in the form of wires, Their action is as 
follows. Examine Fig. 6-22. Suppose that a positive 
deflection voltage is applied to D3, then the half-beam 
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nearest to it will be attracted toward it, However, elec- 
trons in the neighborhood of point A, also will be at- 
tracted toward the positively charged plate D3 as 
shown by the arrow, so that this half of the beam also 
will be deflected somewhat to the left, In order to keep 
this latter half of the beam stationary, two additional 
deflector plates, in the form of wires Y1 and Y2 are 
used. The former is connected to D4 and the latter to 
D3. Under the conditions described, the electrons at 4 
will feel an attracting force issuing from Y2 as well as. 
from D3. With voltages applied to both deflection 
plates, the attracting force due to the voltages on the 
other plate will be balanced out by the oppositely polar- 
ized deflection wires, so that unwanted deflection is 
prevented. 

The optical equivalent of such a beam-splitting sys- 
tem is shown in Fig. 6-23, and it is seen that the unde- 
flected position of the beam is at the geometric center 
of the tube. It is only when deflection voltage is applied 
to either or both vertical deflection plates, that the 
separation of the beam into two halves becomes visible. 
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Fig. 6-23.— Optical analogy to the action of the electron gun 
in the Cossor split-beam cathode-ray tube. 

Electrical Characteristics of Electrostatic 
Deflection Systems 


Some of the characteristics already have been re- 
ferred to, as for example, the deflection factor and 
sensitivity constants, There are, however, several more 
which deserve comment, since they not only appear in 
the tube specifications, but have an influence on the 
utility of the systems. 


Capacitance of Deflection System 

Since in effect each pair of deflection plates forms an 
electrical capacitor, it is natural that there be associ 
ated with each pair the constant of electrical capaci- 
tance, Inasmuch as the design of all deflection systems 
of this type is not the same, the electrical capacitance 
presented by the systems in various tubes will be dif- 
ferent. They may vary from a few micromicrofarads 
per pair of plates to perhaps 12 to 15 paf. 

When used for a-c work, each pair of plates, there- 
fore, offers a certain amount of impedance across what- 
ever may be the circuit connected to the deflection 
plates. When the plates are connected directly to a 
source whose output is to be investigated, the imped- 
ance of the deflection system comprises a load on the 
source. Therefore, the higher the impedance of the de- 
flection system the less is this load; in turn, the im- 
pedance at any one frequency is highest, when the 
capacitance of the deflection plates is a mini 
might be well tg mention that the capacitance intro- 
duced by the cables, which connect the deflection plates 
to the source under investigation must be taken into 
account, and that this capacitance should be considered 
as being in parallel with the deflection plates to which 
the leads are joined. 


Deflection Defocusing 
It would normally be expected that the focused beam 
leaving the electron gun would remain focused while 








being deflected and arrive at the screen as a sharply 
defined image. Such, however, is not always the case. 
The reasons are very interesting. While it may not 
have been made evident during the preceding discus- 
sion of the electron beam, the beam which enters the 
deflection area is not as narrow as when it arrives at 
the screen, since the focal point of the principal focus- 
ing lens is the screen, rather than the deflection area. 
Consequently, the beam passing through the deflection- 
plate fields has a relatively substantial cross section. So 
much so that the beam can be changed from a circle to 
an ellipse due to the increased velocity of the electrons 
‘om that side of the beam which is closer to the po: 
tively charged plate than the electrons on the other 
the beam. The closer the beam approaches to the 
positively charged plate the more aggravated becomes 
this situation, giving rise to defocusing of the spot 

it approaches the limits of the screen, Thus the spot 
changes from a circle to an ellipse with its major axis 
in the direction of the deflection. 

















Change In Sensitivity 


Another effect is to be found in those deflection sys- 
tems which employ grounded plates. Some tubes were 
and still are made with one plate of the vertical pair and 
one plate of the horizontal pair joined to the accelerat- 
ing anode. It has been established that the velocity of 
the beam through the deflection area is related to the 
sensitivity of the tube, If for any reason during the 
development of a trace of alternating character, a 
change in tube sensitivity takes place due to changing 
behavior of the tube, the trace becomes distorted. 

Such an effect comes about in the tubes mentioned as 
the result of a change in the velocity of the beam, and 
an associated change in the sensitivity. If one plate of 
a pair is joined to the accelerating anode, the plate 
assumes the potential of the anode. Thus if the second- 
anode voltage is 1,000 volts and an a-c deflection volt- 
age of 100 volts is applied across the deflection plates, 
the voltage of the “ree plate” goes to 1,100 volts on 
the positive half-cycle of the deflection voltage and to 
‘900 volts on the negative half-cycle with respect to the 
cathode. Thus on the positive half-cycle the beam is 
deflected upward into the higher-voltage region and 
acquires an increased velocity and, consequently, lower 
sensitivity. During the negative half-cycle of the de- 
flection voltage, on the other hand, the beam is pushed 
downward into the lower-voltage and lower-velocity 
region with an attendant increase in sensitivity. 

The cure for this is the use of balanced deflection 
systems, where neither of the deflection plates in the 
vertical or horizontal pair are joined to the anode; 
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Fig, 6.24—A balanced deflection system, where neither of 
the deflection plates are joined directly to the accelerating 


balanced circuit may be arranged, as shown in Fig. 
6-24, This is only attainable when each deflection plate 
is equipped with its own individual connecting termi- 
nal. The values of R and R1 are both equal, their spe- 
cific value depending on manufacturer's recommenda- 
tions, Such a system is known as a balanced deflection 
system in contrast to the unbalanced system shown in 
Fig. 6-25. The balanced system is fed by push-pull 
amplifier circuits, which are discussed in Chapter 10. 


‘ane plate of each deflec- 
tion pair is connected to 
the accelerating anode 
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In addition to a change in sensitivity with an un- 
balanced deflection system, an accompanying effect of 
the above condition is a change in focusing; this is 
related to the effect described under “Deflection De- 
focusing”. 

Still another effect of asymmetrical connection of the 
deflection plates is known as “trapezium” distortion, 
This is the development of a trapezoidal pattern in- 
stead of a square or a rectangle pattern, when equal 
amplitude voltages (appreciably different in fre- 
quency) are applied to the two deflection systems. This 
condition also is known as area distortion. As to the 
reasons for it, they are twofold, one being the absence 
of a constant mean potential across the deflection sys- 
tem relative to the anode voltage, and the other being 
the fact that the vertical deflection is reduced during the 
time that the free plate in the horizontal deflection sys- 
tem is positive. Both of these related conditions may 
be eliminated by the use of a symmetrical deflection 
system (push-pull input). Sometimes trapezium dis- 
tortion is due to misalignment of the deflection systems 
relative to the axis of the tube. Several methods for 
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correcting trapezium distortion have been suggested,“ 
which revolve around shaping of the plates. These are 
suitable for both symmetrical and asymmetrical, or 
push-pull and single-ended input circuits. Tubes manu- 
factured in the United States do not employ these 
special shapes, possibly because of the popularity of 
push-pull circuits, which are relatively free of this 
problem. 


Phase Shift Between Deflection Fields at UHF 


‘This phenomenon is native to electrostatic tubes, but 
is important only in connection with very high fre- 
quencies. It can he disregarded completely in the usual 
run of cathode-ray-tube equipment, intended for main- 
tenance operations, and even for research, providing 
that the frequencies applied to the vertical and hori- 
zontal plates do not exceed about 10 Mc, and that the. 

anode voltage approximates about 2,00 volts. 

At higher frequencies and lower anode voltages, the 
problem is nut too severe if the ratio of frequencies 
applied to the vertical and horizontal plates varies by 
at least 4 to 1. It is to be noted that the action to be dis 
cussed is associated only with the tube and does not 
include the amplifying equipment. The latter is an en- 
tirely different matter, discussed later in this book, 

We remarked previously that due to the physical 
arrangement of the deflection systems along the path 
of the electron beam, oth fields do not act simultane- 
ously on the beam, The deflection system closest to 
anode 2 (vertical) acts on the beam first, then, some- 
time later, when the beam arrives in the region of the 
horizontal deflection plates, that system performs its 
deflection function. Therefore, a certain period of time 
does elapse before the electrons in the heam complete 
their journey from the center of the field of the vertical 
deflection plates to the center of the field of the hori- 
zontal deflection plates. 

In Fig. 6-26 is a representation of the two deflection. 
systems relative to the path of the electrons, and shows 
what is meant by the distance between the midpoints 
of the two deflection fields, Fur the sake of discussion, 
let us assume that the facing edges of the two sets of 
plates are 0.125 inch apart ; also assume that the length 
of each deflection plate is 0.875 inch, so that the center- 
to-center distance is 1 inch or 2.54 centimeters. 


























This hypothetical tube is operated at an accelerating 
voltage of 1,000 vols, and according to previous cal- 
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two deflection systems; 
deflection system to the center of the other system. 


culations, the moving beam will span the distance of 1 
inch in 1352 micromicroseconds. An electron leaving 
the center of the D3-D4 field will not arrive at the cen- 
ter of the D1-D2 field until 1,352 micromicroseconds 
later. If a signal is applied simultaneously to both sets 
of plates, it will be in phase on both plates relative to 
the source. As far as the electron beam is concerned, 
however, it will not feel the effects of these two signal 
voltages at the same instant. The D1-D2 field cannot 
act on the beanr until 1,352micromicrosecondsafter the 
D3-D4 field has started to act on the beam. At higher 
accelerating voltages, this time lag will be less, and at 
lower accelerating voltages, it will be greater. 

Whether the time lag is or is not important depends 
on the frequency oí the signal applied to the two deflec- 
tion systems and the desired accuracy of the work 
being done. Suppose that the applied signal is 20 Mc. 
What will be the angular distance traveled by the wave 
applied to the D1-D2 plates during the 1,352 micro- 
microsecond transit time of the electron beam as it 
travels from D3-D4 to D1-D2? 

The angular distance traveled by a wave in a time 
tis 








2 v ft radians. (66) 
and expressed in itis 
(67) 





135 x 10 seconds 

and solving the above, the voltage applied to D1-D2 
will have passed through 9.7° during the time that the 
electron beam traversed the space between the mid- 
points of the two fields, Thus a phase shift of 9.7° 
exists between the traces, because of the transit time 
of the electron beam. 


Increasing the accelerating voltage and keeping the 
signal frequency constant would reduce the phase shift, 
while keeping the accelerating voltage constant and 
raising the frequency would increase the phase shift. 
If the frequency is raised by such an amount that the 
time taken to complete one cycle is equal to the transit 
time of the beam between the two deflection pairs, then 
the phase shift will be 360°, which is equivalent to 0°. 
‘The same situation would occur, of course, when the 
transit time is equal to any multiple of the periodic time 
of the voltage ; i.e., when 


transit time = 7 (68) 


` where sid any integer. 


For the transit time of 135 X 10-* seconds in 
our present example, the frequencies for which no 
phase shift occurs could, therefore, be any multiple of. 


1 : 
IIs TO 0r 741 X 10° cps (ie, 741 Me), At 


multiples of one-half of this frequency, i.e., 370.5 Mc, 
the phase shift would be 180°, which effectively turns 
the waveshape upside down on the screen. 

The phase difference in degrees between any two 
signal voltages applied to the deflection plates relative 
to the transit time of the electron beam may also be 
determined from the equation 


PM x 360° (69) 





where. 
‘D1 = the distance between the centers of the de- 
flection system in centimeters 
f = the frequency of the applied signal 
V = the velocity of the beam in centimeters per 
second at the accelerating voltage being 
used. 

In the example cited, replacing the symbols with the 
operating values results in a phase shift of 

2.54 x 2x 10 ó 
BE xq X30-97*. 

For ordinary applications of the cathode-ray oscillo- 
scope, this is not important. It is pertinent to phase 
measurements rather than to waveform observations 
‘and analysis, and even then only when very high fre- 
quencies are involved. For this type of work, special 
oscilloscopes have been designed, wherein the beam 
velocity is extremely high due to the application of high 
voltages. In the oscilloscope mentioned above, the ac- 

celerating voltage is $0,000 volts. 

A great many applications of the oscilloscope involve 
a lower frequency on the horizontal plates than on the 
vertical plates, such as when waveform measurements 
are made, or when two different frequencies are being 
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compared. Both are described in detail later; in the 
meantime, it should be understood that when the 
above-mentioned condition prevails, the phase shift is 
reduced in proportion to the ratio between the two 
signal frequencies, assuming that the beam velocity is 
held constant. Thus in the example cited, if the fre- 
quency applied to the vertical plates is 20 Mc and the 
frequency applied to the horizontal plates is 5 Mc, the 
phase shift would be 
5 o 

97x37 24*. 
If the conditions were reversed, so that the angular 
velocity of the signal applied to the horizontal plates 
was greater than that of the signal applied to the verti- 
cal plates, the phase shift would be increased in the 
Proportion to the ratio between the two signal fre- 
quencies, 


Beam Transit Time and Deflection Sensitivity 


Another aspect of the beam transit time is the rela- 
tion between the time required for the beam to traverse 
a single deflection field and the frequency of the field. 
This effect was not evident when we established the 
deflection due to d-c voltages applied to the deflection 
plates. Neither is it important when the frequency of 
the deflection voltage is 100 Mc or less, and the accel- 
crating voltage is at least 1,000 volts. Actually, the 
cffect becomes less important as the accelerating volt- 
age is increased because the transit time is decreased. 
This means that the average user of a cathode-ray os- 
cilloscope for maintenance operations, in fact, even for 
research operations, need not concern himself with the 
previously mentioned relationship unless operation at 
very high frequencies or in the microwave region is 
carried on? 

Essentially the problem is that, if the beam transit 
time through the field corresponds to the periodic time 
of one or more whole cycles of the deflection voltage, 
the over-all deflection sensitivity is reduced to zero. 
This is shown in Fig. 6-27 for a single cycle, and ap- 
plies equally well to any whole number multiple. The 
signal is viewed in terms of the action of the upper plate. 
and it is assumed that the phase of the signal is such 
that it is of zero magnitude at the instant the beam en- 
ters the field, Then the beam will be deflected upward 
during the time corresponding to one half-cycle and 
downward during the time equal to the other half-cycle. 
Since the magnitude of deflection is the same in both 
directions, the net result is zero deflection when the 











, Lester, "Cathode-rays for uhf,” Electronics, vol. 9, 
pp. 15-17, September, 1936, 





beam leaves the field, since the deflection in one direc- 
tion is later ofset by deflection in the other direction. 

For other periodic times of the deflection voltage, 
and for other transit times, the deflection sensitivity 
will vary between some finite value and zero ; also it is 
always less than the values which would be obtained 
with a d-c voltage applied to the deflection plates. The 
relative deflection sensitivity is expressed by 


sin ($x 573°) 


2 (6-10) 








is given in Fig. 6-28. To show the 
application of this chart, let us assume that the acceler- 
ating voltage is 1,000 volts and the length of the de- 
flection field (plates) is 2 cm. With this value of volt- 
age on anode 2, the time required for the beam to 
traverse 2 cm is 1,065 micromicroseconds. Suppose 
that the frequency is $0 Me. Then 
ot = 628% 50x 10° x 1.065 x 10: ме 

ы a oe EY 
and the relative dynamic sensitivity according to Fig. 
almost 100 per cent or equal to d.c. Now let us 
imagine that the frequency is 500 Mc and the transit 
time is the same. Then. 
“t 

67 

which corresponds to a relative deflection sensitivity 
of approximately 75 per cent. Thus a correction factor 
of 1.33 would be necessary to bring the deflection sen- 
sitivity to that obtained with d.c. 

Asa whole this condition may be ignored when oper- 
ating with sine waves and frequencies below the values 
stated, but if the transient response is to be investi- 
gated, even though the fundamental frequency may be 
low, the harmonics in the wave may be of sufficiently 
high order for a loss in deflection sensitivity to occur. 
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In that event, the trace on the sereen will not be a true 
representation of the deflection voltage applied. A 
three-beam oscillograph for recording at frequencies 
up to 10,000 Mcis described by Lee.” 


ELECTROMAGNETIC DEFLECTION SYSTEMS 


Magnetic deflection systems see very little use in re- 
search and maintenance oscilloscopes. Almost all such 
devices utilize electrostatic deflection, primarily be- 
cause of the linear relationship between the deflection 
voltage and the deflection on the screen, and also be- 
cause of the wide range of frequencies which it can ac- 
cept. The frequency-impedance relationship of the de- 
flection windings is a limiting factor, especially when 
nonsinusoidal voltages and currents are involved. The 
special current shape required for linear deflection by 
a magnetic deflection system introduces numerous re- 
strictive conditions. These conditions are inimical to 
the utility of the deflection system in research devices 
operating over a range of frequencies. 

Magnetic deflection is commonplace in television 
systems and in equipment operating on the pulse-echo 
principle, of which Armed Forces and navigational 
radar systems are significant examples, and in many 
devices which function over a very limited frequency 
range. In both instances, the frequency range is fixed. 

The principles underlying magnetic deflection were 
described in Chapter 3; therefore, they need not be re- 
peated here. Other details associated with the system, 
mot necessarily a vital part of the principles, were 
omitted from that discussion, and they will be treated 
in this chapter. 

Like the electrostatic system, the magnetic system. 
is a two-dimensional deflection arrangement, which 
fundamentally produces a trace organized along rec- 
tangular co-ordinates. This need not always be so, but 
itis the basic form of display. A basic physical arrange- 
Se hanes cre 
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around the neck of 
each pair of coils, 


ment of the coils is shown in Fig. 6-29A. Two pairs of 
coils are located around the neck of a cathode-ray tube, 
each pair comprising a complete deflection unit, One 
pair is responsible for the vertical deflection, and the 
other pair develops the horizontal deflection, Either 
pair may be used for either deflection, unless special 
design considerations dictate otherwise. Schematically, 
the systems are shown in Fig. 6-29B. Coils 4-4' are 
connected in series, and so are coils B-B. 

While the axes of the two systems cross each other 
inside the tube, at a point along the path of the unde- 
flected electron beam, they are not intended to indicate 
the direction of deflection nor the direction of the lines 
of flux of the fields created between these coils. 

The series connection between the coils of each pair 
is by far the most popular arrangement found in elec- 
tromagnetic deflection systems, especially in television 
receivers, but is nevertheless not the standard in every 
unit which employs magnetically deflected electron 
beams, 

The magnetic fields created by the currents in such 
coils are illustrated in Figs. 6-30A, B, and C. Three 
different pictorial arrangements of deflection coils were 
deliberately selected in order to minimize the possi- 
bility of confusion due to the impression one might gain 
from a single arrangement such as the one shown in 
Fig. 6-29A, wherein the axes of the coils penetrate the 
field area. The physical orientation of the coils may be 
at least three kinds and still attain the necessary beam 
defection action. For that matter, the coils themselves 
may be of varied construction. 

For example, in Fig. 6-30A the coil structure is the 
same as shown in the fundamental illustration of Fig. 
6-29A. The fux lines due to the current in A-A’ are 
parallel to the axes of these coils. The same is true of. 
coils B-B’, and their field. As to the two fields, an ideal 
condition is assumed, namely, that every flux line of 
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one field is perpendicular to every flux line of the other. 
field, everywhere in the field. 

In Fig. 6-30B, each of the coils has been turned 
through 90°. They still are solenoid windings, although 
not necessarily single-layer coils. The axes of the coils 
in a pair are parallel to each other, but are at right 
angles to the axes of the other pair, as indicated by the 
dotted lines. Though the axes do not cross the tube, 
the fields associated with these coils do penetrate the 
space in the tube throat. The lines of flux have been 
turned through 90° because the axes have been rotated 
through that angle. Since the axes are mutually per- 
pendicular, the lines of fux of one field are perpendicu- 
lar to the lines of flux of the other field. 

A third arrangement of the windings is shown in 
Fig. 6-30C. Here coils A and A” are flat, rectangular 
windings with the turns bunched into a cylindrical 
bundle. The same is true ої сойз В апі В. Each coil 
bas two long sides and two short sides. The circles in 
the illustration are cross-section views of the turns in 
the long sides. After proper forming, each coil is bent 
into a semicircular shape and positioned along the tube 
in such manner that the long sides run parallel to the 
neck of the tube and hence to the undeflected beam 
path. One long side of coil Æ and one long side of coil 
4 are positioned adjacent to each other on one side of 
the tube envelope and the other two long sides are posi- 
tioned adjacent to each other on the other side of the 
tube. (The shape of such a winding is shown in Fig. 
6-35A, and the assembly of the complete deflection 
yoke is described later in this chapter.) 

The fields due to these windings have the same direc- 
ion as those created by the arrangement shown in Fig. 
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6-30B, because the plane of the long sides of the special 
windings is parallel to the plane of the corresponding. 
cylindrical turns in the windings of Fig. 6-30B ; hence 
the field lines will be perpendicular to the planes of each 
coil, respectively. 


Direction of Magnetic Field versus 
Direction of Deflection 


Unlike the electrostatic system wherein the direction 
of deflection conforms with the direction of the lines of 
force, the magnetic system deflects the electron beam 
ina direction at right angles to both the direction of the 
flux lines and the direction of advance of the charge. 
Accordingly, the 4-4" field in Fig, 6-30C would cause 
a beam of deflection as indicated in Fig. 6-31A. For 
that matter, the same is true of the 4-4" field shown in 
Fig. 6-30B. Aithough it has not been so shown, the 
axes of the windings in Figs, 6-30B and 6-30C are the 
same. 

The direction of the beam deflection due to the 4-4* 
field in Fig. 6-30A would be turned through 90° with 
respect to that of Fig. 6-30B and C, since, as we stated 
earlier, the A-A’ fields as well as the B-B’ fields of Figs. 
6-30B and C have also been turned through 90°. This 
is shown in Fig. 6-31B. 

‘We can summarize all of this by saying that when 
the axis of a magnetic deflection system is perpendicu- 
lar to the undeflected path of the electron, the дейес- 
tion of the electron will be at right angles to the axis 
of said deflection system. This is evident when you 
compare Figs. 6-30A through C, with Figs. 6-31A and 
B. lí the axis of the deflection coil is oriented horizon- 
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Fig L(A) shows she deflection caused by the field cor- 
responding to Fig. 6-30C. The direction of deflection 
sponding fo the arrangement in Fig. 6-30A is shown in (B). 


tally relative to the tube screen reference axis, then the 
beam deflection will be in the vertical or Y direction, 
and if the orientation of the coil is vertical relative to 
the horizontal reference axis, then the beam deflection. 
will be in the horizontal ог X direction. 


‘The Composite Magnetic Field 

Another point of interest relative to the two fields in 

ig. 6-30 is the box-like appearance of the deflection 
system as a whole, Unlike the electrostatic arrange- 
ments, wherein the deflection plates are displaced 
laterally along the path of the electron beam, in the 
usual magnetic system, all four coils are equidistant 
from any one point along the path of the beam, so that 
both the vertical and horizontal deflection forces act 
simultaneously on the beam. 

This may seem a bit confusing because it implies the 
presence of two magnetic fields within the same space, 
а condition previously stated as being impossible be- 
‘cause the cross-over point of each line of force would 
have two directions. What actually happens is that a 
single composite field is established which produces 
the resultant deflection (as shown in Fig. 3-13 for dif- 
ferent magnitudes of the individual fields.) At any one 
instant, the deflection is proportional to the vertical 
‘and the horizontal deflection forces. 


Constants of Magnetic Deflection 

Since the behavior of the magnetic deflection system 
is independent of the direction of the deflection, we can 
analyze the conétants of such systems for a single pair 
of coils, although as we stated earlier in this chapter, 
two-dimensional deflection is necessary for proper por- 
trayal of the majority of phenomena. It is only when 
the quantity involved is scalar, that is, has magnitude 
only, that one-dimensional deflection is sufficient. 

In Fig. 6-32 is shown a pair of deflection coils posi- 
tioned along the neck of a cathode-ray tube. The basic 
location of these coils, rather than the location of the 
magnetic field, is stipulated by the tube manufacturer 

















32—The toning of the deflection coils with 
юе "e geometric centr of deflection of the cathode ray. 


on the outline drawing of the tube, which usually is a 
part of the tube specifications. We are referring to the 
point O along the tube throat identified as the effective 
center of deflection. The location of this point in the 
case of the 10BP4 is shown in the outline drawing of 
Fig. 6-33. 

Referring again to Fig. 6-32, the effective center of 
deflection O is the imaginary point of origin of the 
electron beam for its final path of travel to the screen 
after the field has deflected it. This point is located at 
the midpoint of the field and should line up with the 
actual center of deflection, so that a deflection equal to 
the rated deflection angle 8 of the tube will not ex- 
perience any interference from the envelope of the tube, 

In the final analysis, the location of the deflection 
yoke on the tube throat will be dictated by conditions 
found in each individual case. The tube manufacturer 
identifies the theoretically correct location of the field, 
and also the length of the field, because the distance 
between the center of deflection and the start of the 
‘cone limits the maximum dimension of that half of the 
yoke. Information of this type is intended primarily 
for the equipment designer, but it is pertinent to us in. 
connection with the matter of defection-yoke re 
placement, > 

Another requirement is that the tube axis lie along 
the center of the magnetic field, so that the electron 
beam will be deflected symmetrically. Finally itis as- 
sumed that the two coils A-A” are identical and that 
equal numbers of lines of flux issue from each of the 
windings. Under such conditions, the field within the 
space may be assumed to be uniform, provided that the 
construction of the coils is such that the organization 
of the windings is the same in both. 

Referring once more to Fig. 6-32, the axis of the 
tube or the undeflected path of the electron is X-X", X 
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Fig. 6-33—Outline drawing of T) 
deflection cathode-ray tube ; note il 
‘center of deflection. 


alice of te eects 
being the point of origin of the beam entering the de- 
flection area, and X" being the geometric center of the 
screen S. The two coils are La long, thus making the 
field of equal length, fringe fields being neglected. 
Finally, the center of the field is D, distant from the 
screen. 

When current flows through the coils in one direc- 
tion the beam is deflected upward from its normal path 
X-X’ and follows a new path, which we shall assume to 
be as shown, striking the screen at the point 2. This 
represents a displacement of the spot from X” to Z, 
corresponding to a deflection Y along the screen. The 
new path of the electron beam forms the deflection 
angle @ with the axis of the tube, and the beam is bent 
through a portion of a circle with a radius of curvature 
R. If the direction of the current through the coils is 
reversed, the deflection will be downward, as shown by 
the dashed lines in Fig. 6-32. The point where the beam 


strikes the screen at the limit of its downward excur- 
sion is Z', causing the screen deflection Y" and the de- 
flection angle '. Except for the use of magnetic deflec- 
tion, this illustration and its description resemble very 
closely the electrostatic system shown in Fig. 6-6A. 


Magnitude of Deflection 


Let us now examine the factors which determine 
magnitude of deflection. We can do this from various 
viewpoints. For the moment, let us exclude the length 
D, and the screen deflection and examine the deflec- 
tion angle 6 and the radius K. Since we are working 
with an electron beam, its velocity is a very important 
item. but as will be seen later, changes in velocity do 
not influence the ultimate result to the same extent as 
in the electrostatic case. Nevertheless, the accelerating 
voltage does have an effect on sensitivity, in the same 
direction as in the electrostatic tube. The higher the 
beam velocity, the less the deflection per unit deflection. 
force. So, for the moment, let us say that the acceler- 
ating voltage is fixed at some level, the exact value of 
which is unimportant. 

Remembering the principles of magnetic deflection 
as outlined in Chapter 3, the deflection angle and the 
radius are functions of the magnetic field strength and. 
the length of the field. In turn, the former is a function 
of the current through the coil and the number of turns 
in the coil. The current, in turn, is a function of the fre- 
quency and the magnitude of the deflection voltage 
applied to the coil, assuming fixed constants for the 
coil. As a matter of fact, we must make certain assump- 
tions as we go along in this discussion. 

First of all, we neglect the factor of frequency, al- 
though we recognize its effects, to eliminate one of the 
variables. Therefore, the current through the coil will 
be imagined as being d.c. Second, since the coil dimen- 
sions are fixed for any one system, the number of turns 
is fixed and so is the length of the coil. This leaves us 
the current in the winding as the chief operating 
parameter, Since the intensity of the field is propor- 
tional to the current which produces it, both the de- 
flection angle and the radius through which the beam 
is bent are determined by the amount of current in the 
deflection coils. 

The consideration of current is sufficient if we are 
speaking about a deflection coil of known dimensions 
and known number of turns, but if we are thinking in 
general terms without having any specific coil in mind, 
stating the amount of current only is insufficient in- 
formation. Then it becomes necessary to speak in terms 
of ampere-turns. The reason for this was discussed in 
connection with magnetic focusing and hence need not 
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be repeated here. From the practical viewpoint, that is, 
working with existing deflection coils, the greater the 
current through the winding, the smaller the radius of 
curvature of the beam and the greater the deflection 
angle 6. 


The Deflection Angle 

Since deflection in everyday language usually means 
displacement of the spot both above and below, and to 
the right and left, of the undeflected spot position, the 
deflection angle 8 associated with deflection in one di- 
rection, amounts to only one half of the total angle of 
deflection possible, Identifying the other half of the 
angle by £^, the complete description of the deflection 
angle, therefore, is 8 -- '. This is commercial practice 
and the angle referred to, in tube specifications, con- 
siders the center of deflection as the vertex and iden- 
tifies the angle bounded by the maximum allowable 
swing of the beam. 

Reference to the deflection angle affords an impres- 
sion of the image size capabilities, but does not neces- 
sarily give information concerning trace dimension for 
the maximum deflection angle, because it does not take 
into account the distance to the screen, It stands to 
reason that for wnit over-all length, the tube rated at 
the greatest deflection angle will result in the largest- 
size trace because it will afford the greatest deflection. 
on the screen. For any one deflection angle, it stands to 
reason that the greater the distance D, to the screen, 
the greater will be the deflection Y on the screen. 





Deflection Sensitivity 


The deflection sensitivity of a magnetic-type cath- 
ode-ray tube may be expressed in terms of the deflec- 
Hon on the screen per unit field strength, as for example 
in millimeters or centimeters per gauss or ampere-turn, 
or in terms of the deflection angle per unit feld 
strength. Obviously, the first method takes tube length 
into account, whereas the second does not, although 
any numerical reference to a deflection angle implies 
a specific tube with a fixed geometry. The only differ- 
ence between the two methods is that one gives the 
screen deflectiow for a specific tube, while the other 
requires projection of the deflection angle onto the 
screen, but is independent of the particular tube used. 
Neither case describes the deflection system other than 
to state the required field strength. Reference to re- 
quired field strength is not general practice ; however, 
in the tube specifications, usually only the over-all de- 
flection angle is given. 

From the practical viewpoint, the deflection system 
is a completely assembled unit, for which replacements 


are available, which are duplicates of the original, and 
are intended to be used with a specific tube. This is so 
for television receivers, or for any other complete as- 
sembly of equipment which makes use of a magnetic 
deflection yoke. The problems of design of such yokes 
are many, but since this is not a design text, such de- 
tails are omitted and the interested reader is referred 
to the bibliography contained herein. 

Concerning the deflection on the screen, it is ex- 
pressed mathematically as 

03x L,x D, 
ТУЕ mer gauss (6-11) 

where L, and D, are in accordance with their meaning 
in Fig. 6-32 and E, is the accelerating voltage applied 
to anode 2. Equation (6-11) assumes that the number 
of turns and the current in the winding is such as to 
develop a field intensity of 1 gauss per unit area. 

‘Concerning the variables associated with deflection, 
the accelerating voltage becomes a part of such speci 
fications, but it is to be noted that it appears as a 
square-root term. This means that doubling the accel- 
erating voltage in a magnetic-type tube will have a 
smaller effect on the reduction of sensitivity than in 
the case of the electrostatic tube. To be exact, the 
former will cause only a 30 per cent decrease in deflec- 
tion sensitivity, whereas doubling the second-anode 
voltage in the electrostatic tube reduces the sensitivity 
by 50 per cent, This relationship does not make the 
second-anode voltage any less important; it simply 
means that changes in this voltage have a reduced effect 
on sensitivity. 











Deflection Factor 

The deflection factor of magnetic-type cathode-ray 
tubes is related to deflection sensitivity just as in the 
case of the electrostatic-type tube, except that in the 
magnetic case it defines the current required in a stand- 
ard coil to produce the 26° deflection angle. Such a 
standard coil has a specific number of turns and a spe- 
cific physical length, since both of these factors play a. 
dominant role in determining the amount of deflection 
of a beam of a certain velocity. 


The Length and Location of Deflection Fields 

Specifying the ampere-turns rating is one method of 
describing a specific coil, but two or more coils of 
widely different configuration may have the same num- 
ber of ampere-turns. Thus the physical dimension of 
the coil relative to the length of the field it produces is 
an important point, because it determines the location 
of the deflection system around the neck of the tube 
with respect to the deflection of the beam. For example, 
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angle € and is blocked by the neck of the tube. 


in Fig. 6-34 is shown that portion of the neck of the 
tube which joins the cone. Here feld a is that due to a 
deflection coil which is properly positioned relative to 
the effective center of deflection of the tube. The length. 
of the field has been arbitrarily chosen; in practice, it 
may vary from 174 inches to perhaps around 3 inches. 
as determined by the specific design. When located as 
shown, the field of length a is such that its midpoint 
coincides with the effective center of deflection of the 
tube and its endpoint terminates at the cone. The maxi- 
mum deflection is indicated by 0. 

Let us now imagine that the same deflection coil is 
moved slightly back toward the tube base, away from 
the cone, so that the fied still has its original length, 
but now occupies the place shown as a. Ifthe intensity 
of the field is unchanged, then the angle &' = 6, as be- 
fore, and the deflected beam will be intercepted by the 
neck of the tube as shown by the dashed lines. Nat- 
ually, deflection angles less than the maximum shown 
will permit the beam to reach the screen, but the loca- 
tion of the deflection coil has introduced a definite re- 
striction upon the maximum deflection angle and, 
therefore, on the magnitude of current which may be 
passed through the deflection coil. 

For another example, assume that the deflection coil 
is one of different dimensions so that the field it pro- 
duces extends over a length equal to 2. Because of the 
increased length of this field, even though one boun- 
dary of it is located at the proper point along the neck 
of the tube, the center of the field is farther back along 
the neck than the effective center of deflection. Assum- 
ing a field intensity which will develop the same de- 
flection angle as in the previous examples, or even 
somewhat less, the beam will not reach the screen 
will be blocked by the sidewall of the tube. Thus it is 








seen that both the location and the length of the defiec- 
tion field have a bearing on the beam path, and hence 
on the utility of the tube in general. 

These conditions should not be construed as indicat- 
ing that the shorter field is preferable. Actually, the 
longer the field, the greater is the deflection efficiency 
because the beam is under the influence of the field for 
longer period. It is also necessary to bear in mind that 
the beam being deflected is not a thin, round pencil of 
electrons, but has a relatively substantial cross section. 
Interference with a portion of the beam is possible, 
thus reducing the beam density at the screen and de- 
creasing the light output. 


Practical Deflection Yokes 


The practical deflection assembly used with mag- 
netic-type tubes consists of two pairs of deflection coils, 
one for the vertical deflection and one for the horizontal. 
deflection. The assembly as a whole is identified as the. 
deflection yoke, and is so designed that it fits fairly 
snug over the neck of the tube and is movable, so that 
it may be positioned properly. The entire yoke may 
bbe tilted slightly relative to the tube axis in order to 
compensate for what possible misalignment may exist 
within the gun assembly of the tube, thus enabling cor- 
rect centering of the beam on the screen, 

Seldom does a fixed-position deflection yoke mount 
a single deflection system, that is, a single pair of coils, 
since in a fixed position, it is suitable only for the di 
play of a scalar quantity (one which has magnitude, 
but no direction). Used with another yoke which 
would mount the other pair of coils, it would mean lat- 
eral displacement of the deflection system along the 
path of the electron, as in the electrostatic case, with 
its corresponding disadvantages. However, as we said, 
such an arrangement is seldom used, because the con- 
ventional construction affords the necessary symmetry 
in the resultant field. 

Relative to the physical design of the deflection coils, 
several varieties have been used. These may be divided 
into four fundamental types, consisting of: 1. air-core 








using а core of magnetic material ; 4. pi-wound coils 
using a core of magnetic material, Of these four vari- 
eties, the first has been quite popular in the postwar 
television receivers, although at the time of this writ- 
ing, the second variety is receiving much attention. The 
other two types, as well as the first kind, were used in 
military equipment during World War II. 

Each of these types possesses its salient features. The 
air-core winding affords operation over a wider fre- 
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quency range, whereas the use of a magnetic core by 
concentrating the flux lines affords greater operating 
efficiency, and therefore, lowers the power require- 
ments and the cost. The pi-wound coil in turn affords 
a high value of inductance with minimum distributed 
capacitance and tends to reduce the recovery time, by 
which is meant the time required for the coil to dissi 
pate the energy supplied to it during a sweep cycle; 
also, it reduces the tendency toward self-oscillation. 





AirCore Deflection Coils 


The air-core type of deflection coil used in television 
receivers and other kinds of equipment is shown in 
Fig. 6-35A. This illustration depicts one pair of such 
coils which form a system for deflecting the beam 
along one co‘ordinate axis. A complete two-dimen- 
sional deflection system utilizes four such coils. Each 
is wound as a flat, rectangular-shaped coil with lumped 
turns, Then it is formed into a semicircular shape with 
the ends turned up. The effective legs are the two long 
sides of each coil, designated as 1 and 2 for coils 4 and 
A’. The radius of the circle formed between the coils 
is determined by the outside diameter of the tube neck 
over which the complete yoke is placed. 





e 


As can be seefi, one leg of each coil is placed adjacent 
to the other, and by suitable connection, the current in 
these adjacent legs is made to flow in the same direc- 
tions, as indicated by the arrows, thus causing the field 
of one to aid the other. A unidirectional field is, there- 
fore, produced within the hollow core of the coil. This 
is indicated by the arrows on the dotted representations 
of the field. By turning up the short legs of the com- 
plete windings, the fields surrounding the long legs 





buck the fields surrounding the short legs ; the limits of 
the field active on the electron beam are, therefore, well 
defined, and the fringe field is small, The side view of 
such a pair of coils s shown in Fig. 6-35B. 

‘The physical arrangement of the four coils which 
‘comprise a complete deflection yoke are shown in Fig. 
6-35C. As can be seen, one pair of coils is within the 
other, the active legs of the outer pair being located at 
the open areas of the inner pair. A photograph of a 
complete yoke is shown in Fig. 6-36. The wingnut on 
the yoke cover is uséd for tightening the assembly on 
its frame, thus keeping it steady in its proper position 
along the neck of the tube. 





Fig. $36—A of 
nts Photograph of the complete yoke shown in 


Iron-Core Deflection Yokes 


‘Such units come equipped witha magnetic core made 
of a special kind of iron dust.* The appearance of the 
yoke remains substantially the same, although the per- 
formance is improved greatly, by attaining increased 
flux density where it is needed most. This lowers the 
value of current required by the deflection system, By 
the use of iron dust, eddy current effects are minimized, 
thus enabling beam deflection to start more rapidly. 
Finally, the greater efficiency in the deflection system 
permits the reduction of the required driving power 
from the tubes which feed the vertical and horizontal 
deflection coils. 

Another type of deflection-coil arrangement em- 
ploys a square-shaped core made of magnetic material, 
as shown in Fig. 6-37A. The deflection coils are 
mounted on the legs of the core, opposite legs carrying 


‘Friend, A. W., “Television deflection cirenits,” RCA Rev, 
March, 1947. тет 
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(A) 


Fig. 6-37—(A) shows 
a square-shaped core 
made of 2 





(B) 





the two coils which produce deflection along the same 
co-ordinate axis. Each of these coils is made to occupy 
the entire leg, thus attaining symmetrical positioning 
of the coils and a uniform field within the hollow por- 
tion of the core. Inductive coupling is minimized, be- 
cause equal emí's in opposite directions are induced in 
one pair of coils by the other pair of coils. 

The flux lines associated with each pair of coils 
traverse for a portion of their path through the core, 
but complete their path by leaving the core and travers- 
ing the space between the coils. This is shown in Fig. 
6-37B for a single pair of coils. It can be seen that the 
direction of the flux lines is opposite in the adjacent 
legs due to the series-bucking connection of the coils, 
and they leave the core at the midpoint. This illustra- 
tion also shows how effectively zero inductive coupling 
between the pairs of coils may be accomplished by 
symmetrical placement of the coils. It is clear that the 
flux coil A links one half of the windings of the other 
pair B-B’ (not shown in the figure), and thus develops 
an emf in coils B-B”. However, the flux from coil 4’ 
develops an emf in the opposite direction in the re- 
maining halves of those two coils, as shown by the 
‘opposing arrows on the flux lines from A and A". One 
offsets the other and the resultant emf is zero. In like 
fashion, coils B-B’ react on coils 4-4", thus preventing 
‘mutual interaction. 


Several ways of accomplishing like direction of the 
flux lines in the hollow of the core exist, It may be a 
series-aiding connection of similarly wound coils, a 
series-opposing connection of oppositely wound coils, 
or a parallel connection of two similarly wound coils. 
The field established by coils B-B” is similar to that of 
coils 4-A", except that the flux lines of B-B' are at 
right angles to those of A-A’, since the coils are posi- 
tioned mutually perpendicular. 

The efficiency of deflection coils of the type shown 
in Fig. 6-37 is reduced, however, because of two rea- 
sons. First, considerable space in the corners of the 
core window is wasted, as is that space occupied by 
the winding between the core and the tube neck. Sec- 
ond, there is an external flux developed outside of 
the core window which is wasted. Although the yoke 
may be shielded to lower this external flux, other dis- 
advantages result from the use of the shield, so that this 
solution is very often impractical. 


In order to improve the efficiency of iron-core de- 
flection coils, yokes have been developed which utilize 
slotted cylindrical laminated iron cores.” Formed wind- 
ings, similar in shape to those in Fig. 6-35A, are dis- 
tributed in slots, much in the manner of motor wind- 
ings. A simplified single-winding coil of this type is 
shown in cross section in Fig. 6-38. High orders of 
efficiency and sensitivity are claimed for this deflection- 
coil configuration, which is applicable to both high- 
and low-speed sweeps. 


Push-Pull Deflection Systems 


The types of windings described so far were in- 
tended for what is known as “single-ended feed sys- 
tems.” Coils may be wound for push-pull operation in 
either or both directions by simply placing two wind- 
ings on each leg of the core. These windings are located 


"Woroncow, A., “Iron-cored deflecting coils for cathode-ray 
Још ТЕЕ . it 
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on top of each other and are connected as shown in Fig. 
6-39, where the inside winding on one leg is connected. 
to the outside winding of the other. The connection be- 
tween windings is such as to produce flux lines in the 
same direction in the core. The two terminals marked 
B+ are joined, since they are both connected to the 
source of plate potential of the driver tubes. The two 
windings marked P are connected to the plates of the 
push-pull driver tubes. With this arrangement, the 
“no-signal” plate current fields are balanced out and 
only the differential-signal plate current is responsible 
for deflection. The use of push-pull deflection is not 
limited to iron-core coils ; it is just as readily applicable 
to air-core coils, and the arrangement of the windings 
is the same, Although only one set of deflection coils is 
illustrated, push-pull windings can be used for vertical 
and horizontal deflection with equal facility. 


Radial Time Base or Polar Coordinate Display 
with Magnetic Tubes 

Up to this point, the trace produced on the screen by 
magnetic deflection of the beam was considered only 
along rectangular co-ordinates. Like the electrostatic 
system, magnetic deflection is also capable of producing 
a display organized along polar co-ordinates. Two 
methods of attaining this, which have been used in 
‘many cases, will be described, 

‘One of these consists of the mechanical rotation of. 
the deflection yoke, which is the equivalent of saying 
that the magngtic field hitherto assumed to be sta- 
tionary relative to the tube axis, is rotated around the 
tube axis. This is illustrated in simple form in Fig. 
6-40, Coils A-A’ represent the elements of a single 
deflection field. Whether they are air-core or iron-core 
coils is of no consequence here. They are mounted on 
a yoke, which also bears the necessary gear arrange- 
‘ment and two slip rings for connecting the current 
source to the coils. A rotating device spins the yoke 
around the tube throat. 


NO rome 
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If the polarity of a direct current is such as to cause 
deflection of the beam in the upward direction as shown 
by the line marked r, rotation of the yoke with the cur- 
rent in the coil held at a constant value will cause the 
beam to describe a circle as indicated by the dotted-line 
positions of the rotating deflection vector r. Obviously, 
the magnitude of deflection is the rotating radius of the 
circle described by the beam. Changing the value of 
current in the coil will change the magnitude of r, and 
therefore, the dimensions of the circle, If the coil cur- 
rent undergoes a continuous change in value from zero 
to a maximum and this is repeated periodically, the 
path followed by the beam will be a spiral, and such a 
trace will appear on the screen, 

By synchronizing the rotation of the deflection yoke 
with some signal source which will control the intensity 
of the beam, as for example a rotating antenna, the 
movement of the spot along the screen surface will 
maintain angular agreement with the rotating antenna, 
and signals picked up by the antenna can, after proper 
amplification, present azimuthal information concern- 
ing the signal. If the amplitude of the rotating radius 
bears a relation to distance traveled by the search sig- 
nal radiated by the rotating antenna, the display on the 
screen of the tube will indicate distance to the unseen 
target which has returned the echo of the search signal 
to the antenna. This is an elementary explanation of 
the Plan Position Indicator or PPI tube used to indi- 
cate the distance to the target, as well as its direction 
relative to the point of interception. 

‘A radial time base or polar co-ordinate form of dis- 
play can be developed without mechanically rotating 
the deflection fields. By utilizing the conventional de- 
flection yoke, fixed in position and containing coils for 
vertical and horizontal defection, and supplying these 
coils with currents which are 90° out of phase, the re- 
sultant deflection will impart a rotary motion to the 
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beam, similar in behavior to that developed when two 
voltages 90° out of phase are applied to the deflection 
systems in an electrostatic-type tube. 


Effects of Nonuniform Magnetic Deflection Fields 


‘A number of conditions associated with the lack of 
uniformity of magnetic deflection fields have a great 
bearing on the successful use of this type of deflection. 
‘These are apart from the constants of the deflection. 
systems, which are the only determining factors for the 
ideal case of uniform fields. In practice, one may ex- 
perience nonuniform fields due to a wide variety of 
conditions, and it is these and their effects which in- 
terest us now. 

These effects may be classified under two general 
headings : 1. defocusing, and 2, pattern distortion. Both 
stem from the same conditions, although the results 
may manifest themselves in different ways. 


Deflection Defocusing 

Deflection defocusing does not necessarily require 
the presence of two crossed fields, The action of a single 
field, either the vertical or the horizontal, may be such 
аз to cause defocusing of the beam. The action arises 
from two related causes. One is the fact that the beam 
itself is not of infinitely thin cross section, but has a 
substantial arca. If this beam is acted upon by a uni- 
form field as shown in Fig. 6-41A, all parts of the beam 
are deflected by the same amount and the shape of the. 
beam is not changed during the deflection process. 

But if the field is not uniform as shown in Figs. 
6-41B and C, all parts of the beam will not be acted 
оп іп similar manner and the shape of the beam will be 
changed during the deflection process. It may be 
‘changed into an ellipse which has its long dimension 
in the direction of the deflection, as would be the case 
in Fig. 6-41B, or it may have somewhat the same shape 
with the short dimension being in the direction of the 
deflection, which would be the case for the field shown 
in Fig. 6-41C. 
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Correction of such defocusing is a matter of eli 
mating the conditions which give rise to the nonuni 
formity of the field, which will be described later in this. 
chapter. 


Flat-Face Tube Screen Defocusing 


While on the subject of defocusing, it might be well 
to mention the effect of a flat-face tube screen as com- 
pared to one which has the proper curvature, although 
this is not related to deflection defocusing. With the 
image focal length of a focusing system adjusted to 
bring the beam to a focus at the center X of the screen 
A-A’, as shown in Fig. 6-42, the beam will remain in 
focus because the curvature of the screen conforms 
with the are completed by the deflected beam. Stated 
differently, the radius of the screen curvature corre- 
sponds to the distance L from the center of deflection 
to all useful parts of the screen surface. Therefore, the 
focusing adjustment makes the screen the point where 
the second beam cross-over point is located. This is 
shown more clearly in Fig. 6-43, where two points have 
been selected for examination. One of these is the 
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center X on the screen surface, and the other is one 
limit of the beam swing. 4 and В аге two possible 
screen surfaces. Point X is the center of both screens ; 
therefore, the second beam cross-over point would 
occur on both screens at the same place and the image 
would be properly formed. However, the point on the 
screens corresponding to maximum deflection of the 
beam in the upward direction will coincide with the 
second cross-over of the beam on Y for screen A, 
thereby retaining the condition of focus, but will be 
ahead of the cross-over point for screen B, where the. 
beam was again beginning to spread. 

Since the limits of screen B are located in front of 
the second beam cross-over point, the image on the 
screen will not be in focus. Finally, the distance of d 
between the location of the second cross-over or image 
point at screen ^l and screen B becomes progressively 
greater as the beam advances from the center toward. 
the limits of screen B, leading to an increasing amount 
of defocusing, This will be true for any direction of 
deflection away from the center of the screen. 


Deflection Distortion 


Two prominent types of pattern distortion due to 
nonuniform fields and related to deflection defocusing 
are known as pin-cushion and barrel distortion. They 
represent the type of pattern created by correspond- 
ingly shaped nonuniform fields in contrast to a nomi 
nally square pattern developed when the two crossing 
fields are uniform, They are shown in Figs. 644A and. 
B. Normally the lines of fux of each field are at right 
angles to each other throughout and the resultant de- 
flection is proportional to the amplitude of the vertical 
and horizontal components. 


Fig. 6-44.—Distortion due to nonuniform fields; (A) shows 
a "pincushion" type field, and (B) a "barrel" type feld. 





But in fields of this type where the angle formed by 
the component forces may be acute or oblique, the re- 
‘sultant deflection force is no longer proportional to the 
individual component amplitudes only, but involves the 
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Fig, 645.— Change in the magnitude of the resultant deflec- 
tion due either to acute angles between the feld lines (B) or 
oblige anaes (C). There distortions are, produced by non- 
uniform "pincushion” and “barrel” type fel 


singles formed by the intersecting fields. For example, 
two forces of equal magnitude acting at right angles to 
each other will develop a resultant of a certain magni- 
tude as shown in Fig. 645A. However, the same two 

wees acting at some angle less than 90° (acute angle) 
will develop a greater resultant force than if the angle 
were 90°, whereas two like forces acting at an angle 
greater than 90° (oblique angle) will develop a re- 
sultant force less than when the angle is 90°, These are 
shown in Figs. 645B and C. In both instances, the 
resultant is obtained by the parallelogram method of 
vector addition 

If you will examine the two fields of Fig. 6-44, the 
presence of all three types of angles between the flux 
lines will be noted. A few typical ones are indicated by 
the letters a, b, and c, where the meaning of each is in 
accordance. the illustrations similarly identified 
in Fig. 645. 

The upshot of all this is that a normally square pat- 
tern may be changed to the types shown in Fig. 6-46A 
and B, the former being the pin-cushion variety and 
the latter being of the barrel type. The forms of field 
distortion shown in Fig. 6-44 are only two of very 
many possible types, since the lines of flux due to each 
field need not possess the symmetry shown, Varying 
degrees of tilt may exist between the axes, in which 
case, the pattern as a whole may be tilted, as shown in 
Fig. 6-46C, or possibly a curvature may be given to 
otherwise straight-line traces, etc. 
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Fig, 646 Common distortion resting from nonmniform 
Some (Ay a EG GB), epee dy wall s ding ol da 
whole pattern is ©. 
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Reasons for Nonuniform Fields 


‘The possible reasons for nonuniform deflection fields 
are numerous, Anything which will tend to impair the 
axial relationship between the two deflection systems, 
so that they are not at right angles to each other will 
produce some form of distortion of the final trace on 
the screen, This may not be as severe as illustrated in 
Fig. 6-46, but itis generally noticeable. A tilting of the 
trace as a whole is a commonplace result. 

‘The organization of the turns which comprise the 
windings, even in lumped coils, has a great bearing on 
the uniformity of the field. While the series connection 
between the two coils of a system will result in equal 
values of current through each winding, it does not 
necessarily assure that the resultant field will be uni- 
form, The field due to each coil will be different, if the 
arrangement of the turns on each coil varies very 
greatly. This may give rise to curved traces or lines. A 
certain symmetry is maintained even under such con- 
ditions, but the required perpendicularity is not re- 
tained, 

‘The presence of undesirable magnetic fields, due to 
other current-carrying devices, may interfere with the 
‘existing field, in such a way as to tilt the entire pattern, 
‘or cause a curvature of the trace. The lower the fre- 
quency of these stray fields, the more pronounced is the 
effect, Proper shielding of the interfering source, or re- 
orientation of the source relative to the axis of the beam 
and the fields of the deflection system may correct the 
trouble. There are, of course, cases when the field is 
distorted deliberately in order to attain a special type 
of deflection, but these are so noted in the instructions. 
which accompany such apparatus, 

While deflection systems may not be identical, that 
is, the horizontal system may contain coils which differ 
from the design of the vertical system, the symmetry 
of the coils in each pair must be maintained. Naturally 
certain tolerances exist, but it is important that the 
rated tolerances are not exceeded. 

Improper positioning, different lengths, or different 
number of turns on the coils of each pair on the square 
iron-core deflection yoke will also produce a nonuni- 
form field, This may result in various types of curva- 
ture being given to the trace. 





Rotation of the Pattern 

In theevent of interaction between the deflection and 
focusing systems whereby the deflection action takes 
place before the principal focusing action has been com- 
pleted, the pattern as a whole will be rotated through 


an angular distance dependent on the amount of inter- 
action. Since the action does not involve distortion, its 
correction is simply a matter of rotating the deflection 
system by the amount necessary to correct the radial 
‘component of velocity imparted to the deflected beam 
by the portion of the focusing field which overlaps it. 
Of course, the proper correction is removal of the over- 
lap by separation of the two fields or by shielding one 
from the other. This may not be easy to do, in which 
case, rotation of the deflection yuke is the next best 
remedy. 


Constants of Deflection Coils 


Each winding of a deflection system is rated at a cer- 
tain value of inductance. This information usually ap- 
pears in service data accompanying the apparatus, 
especially television receivers. The usual frequency for 
checking the inductance is 1,000 cps. Since the values 
are not standard, little is gained by quoting actual fig- 
ures. Moreover, the recommended method of checking 
television receiver deflection-yoke windings consists of 
a dcc resistance measurement. 

In the case of military equipment, the inductance is 
given and the testing frequency is as stated above, In- 
ductances vary over quite a range from about $0 milli- 
henrys to as high as approximately 550 millibenrys. 

As far as the inductance and the d-c resistance of the 
horizontal and vertical deflection coils used in tele- 
vision are concerned, the horizontal system, operating 
at a higher frequency than the vertical, employs coils 
with fewer number of turns. This reduces the induct- 
ance as well as the d-c resistance for a certain required 
impedance and corresponding deflection. The converse 
is true in the case of the vertical deflection coils. The. 
operating frequency is lower, therefore, the inductance 
required for a comparable deflection is higher, and 
since this is attained by the use of more turns of thinner 
wire, the d-c resistance is greater. 

Concerning the d-c resistance rating, a tolerance is 
to be expected. Whether or not a few shorted turns are 
determinable depends upon the over-all resistance and 
the accuracy of the equipment used. A discrepancy in 
d-c resistance may be overlooked, if the performance 
of the coils is satisfactory. 

Also associated with each winding is the capacitance 
of the coil. The effective capacitance of the winding 
plays an important part in the recovery time of the coil, 
as described in the paragraph which follows, but this 
constant is not given in commercial equipment. It is, 
however, specified for military equipment, wherein the 
range of values extends from about 150 to 300 paf. 
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Recovery Time 

When current is made to flow through an inductor, 
energy is being supplied to that element and it appears 
in the field which surrounds the coil. Whether or not 
the energy, fed to the coil, can be dissipated in time 
when the current changes abruptly is a function of the 
recovery time of the coil, which depends on the design 
of the coil. This is a problem in deflection systems 
which utilize sawtooth-shaped currents, or in general, 
all currents which have very steep slopes. The recovery 
time of a coil is the time required for the field, due to 
a current, to collapse completely when the current 
ceases. The higher the repetition frequency of the cyclic 
change in current, the more difficult it is for a coil to 
recover in time. 

To make the recovery time as short as possible, a 
damping resistance is connected across the coil. Such 
resistors will be found connected across each coil in 
the vertical deflection system. In the horizontal deflec- 
tion system, the resistors are replaced by a more com- 
plicated tube system (damping tube), because of the 
problems imposed by the relatively high frequency of 
the current fed to those coils. 

The value of resistance required across a coil to pro- 
duce critical damping may be determined from 


R= VE 
where 


R is in ohms 
L is in henrys 
C is in farads. 


‘Thus for a hypothetical coil rated at 100 millihenrys. 
and an effective capacitance of 200 ppf, the equation 
would read 


R= Way gr s 


вуз 
1,200 ohms (approx.). 


Magnetic Shielding of Cathode-Ray Tubes 


The shielding of cathode-ray tubes, especially the 
electrostatic vagety, against external magnetic fields. 
is a very important and interesting detail. It is a prob- 
lem which faces every user and designer of equipment. 
Unfortunately, the penetration of magnetic felds, par- 
ticularly those of low frequency can take place, even 
when the source of the interference is remotely located 
from the cathode-ray tube. That is why magnetic 
shields are found around the tube inside of the housing. 

Inasmuch as it is impossible to completely shield a 
tube, that is, completely enclose it, avenues of feld 
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penetration are the front of the tube and the base end. 
In the main, it is the electron gun which requires the 
most effective shielding, but this does not mean that the 
portion of the tube between the gun and the screen may 
be ignored. Many types of cathode-ray equipment em- 
ploy partial shielding, with the space between the gun 
and the screen exposed. This has been found satisfac- 
tory when the tube is contained within a housing of 
magnetic material which tends to act as a magnetic 
shield, but even such systems can be affected by mag- 
netic fields originating from near-by sources. A solder- 
ing iron or a small current-carrying transformer being 
operated from a 60-cps source, and located in close 
proximity to the oscilloscope, will invariably produce 
a ripple on the trace. 

Of special interest is the fact that the lower the fre- 
quency of the field, the more difficult is the shielding 
problem. Arrangements suitable for operation at 60 cps 
and higher fall short in effectiveness at frequencies of 
several cycles or less. Oscilloscopes intended for d-c 
and low-frequency a-c operation demand much more 
critical shielding than those intended for use at the 
higher frequencies. 

‘The construction of the shield is very important re- 
gardiess of its permeability rating. Holes and slits in 
the shield should be kept to a minimum. The orienta- 
tion of a slit has a bearing on the magnitude of leakage 
from an interfering field ; if the long side of the opening 
in the same direction as the line of force, the shielding 
effectiveness is materially reduced. It is always advi 
able to close off all such openings, if possible. Joints. 
the shield are detrimental to its effectiveness. If pos- 
sible, it should be made of a single piece, 

A variety of magnetic shielding materials are avail- 
able from different sources. Sometimes materials of 
lower permeability are adequate for the purpose, but 
it is preferable to use materials of the highest perme- 
ability, if the cost is not excessive. 

‘The presence of interfering magnetic fields may be 
manifested in different ways. If the earth’s magnetic 
field is interfering, it causes a steady deflection of the 
beam, which can be corrected by suitable adjustment 
of the centering controls, although proper shielding is 
the better solution. The earth's field may cause a tilt 
of varying degree dependent upon the orientation of 
the beam relative to the field, and the intensity of the 
field. The latter is a function of geographical location. 

Magnetic fields from current-carrying conductors 
will cause a steady deflection if the current is d.c., and 
ıa ripple on the trace, if the current is a.c. A very sig- 
nificant detail relative to the latter is the frequency of 
the trace being affected by the interfering field, The 
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higher the frequency of the trace, the less noticeable is. 
the effect of the interfering a-c field, whereas the lower 
the frequency of the trace, the more easily is inter- 
ference observed. Experiments with a number of dif- 
ferent oscilloscopes have shown that the cross-over 
point for such effects is about 5 cps. When the trace 
moves at speeds corresponding to this frequency or 
lower, comparatively low intensities of low-frequency 
magnetic fields will alter the character of the trace. 

Sometimes it is possible by orientation of the source 
of the interfering field to minimize the effect, although 
the best remedy is better shielding of the tube or 
shielding of the source. When the direction of the in- 
terfering field is such as to cause deflection in the same 
direction as the trace 
higher-frequency field i 
intensity riding on the trace. If the direction of the 
field is at some angle with the direction of the trace, the 
ripples appearing on the trace will be tilted or will be 
at right angles, 

The higher the frequency of the interfering field, the 
less noticeable the effect, other than for an apparent 
broadening of the trace due to the modulation by the 
external field. The frequency of the interfering field 
may be determined by a critical examination of the 
‘modulated trace; the number of ripples modulating a 
single cycle of the trace multiplied by the frequency of 
the trace is the frequency of the interfering field. 

Concerning the materials suitable for shielding, two 
conditions must be taken into account. The essential 






requirement is high permeability, so that the path of 
least magnetic resistance is offered to the line of flux, 
thereby keeping the field from within the space sur- 
rounded by the shield; however, solid shields are best 
suited for d-c fields. Increasing the thickness of a solid. 
shield does not necessarily increase its effectiveness in 
all cases.!. ! Shielding against transients or alternat- 
ing fields is best accomplished by laminated, rather 
than solid, shields. Eddy-current ecects in solid shields. 
of substantial thickness tend to prevent changes in 
magnetization of the material in conformity with the 
field. 

‘The materials which are available on the open mar- 
ket under various trade names are alloys of nickel and 
iron of various percentages, sometimes containing, in 
addition, other ingredients such as a small amount of 
copper. Well-known trade names of such substances 
are "Mumetal," "4750 Alloy," “Highmu 80," the first 
being available from Allegheny Ludlum Steel Corp., 
and the latter two from Carpenter Steel Co. There аге 
also other brands which have been extensively used, 

Concerning laminated shields, a layer of copper be- 
tween the layers of the magnetic material is very effec- 
tive. Such a combination will be more effective over a. 
range of frequencies than a single thickness of the 
magnetic material, and will, at the same time, shield 
against d-e fields. 

7 ^ . L 
"m d B, age shields,” Bell Lob. Rec., vol. 


WGustafson, W. G.,'"Magnetic shields for transformers,” 
Hell Lab. Kec., vol. 17, pp. 97-99, November, 1938. 











CHAPTER 7 


The usefulness of the cathode-ray tube depends upon. 
its ability to present a visual pattern upon the face of 
the tube, the part called the screen. Hence, the over-all 
performance of the cathode-ray tube not only depends 
upon the electron gun assembly, the deflection system, 
and the applied voltages, but also, in the final analysis, 
upon the screen. 

‘The action of the screen is not based solely upon 
electrical and magnetic principles as are the other ele- 
ments of the cathode-ray tube, but involves the process 
of changing electrical energy into light energy. The 
medium for this transfer of energy is a chemical sub- 
stance which functions as the screen itself. This screen 
material, also commonly known as a phosphor, is ap- 
plied to the inside face of the cathode-ray tube. How 
well the screen converts the electrical energy into light 
energy depends primarily on the type of material used 
for the sereen and also on the velocity of the electron 
beam. Although there are a number of different types 
of screens used today, in reality there are not too many 
chemicals that will emit light when bombarded by a 
stream of electrons. 

In brief, the basic action of the electron beam on the 
screen is as follows: the electron beam hits the screen. 
with a high velocity. Due to the chemical nature of the 
phosphor and the energy of the beam, the screen will. 
emit light upon bombardment by these electrons. The 
color of the light will depend upon the type of phosphor 
used ; the screens used today emit such colors as blue, 
green, and yellow, as well as others. After an initial 
build-up time, the screen will continue to glow at the 
same color and the same intensity, so long as the elec- 
tron beam is hitting the screen. After the removal of 
the electron beam, the screen will continue to glow for 
some finite period of time. The persistence of this after- 
glow varies for different types of screens. The degree 
of persistence is usually divided into three classifica- 
tions: short, medium, and long. The color of the light 
emitted during the afterglow may be the same as that 
during actual bombardment by the electrons, or it may 
bea different color. Let us first analyze what happens 
when the electron beam hits the screen of the cathode- 
ray tube. 





144 


Electron Action 


We already know about the various factors which 
influence the speed of the electrons traveling to the 
screen, their deflection, and their focusing. After the 
electron beam leaves the deflection field, the only other 
factor that may influence it is the post-deflection accel- 
rating anode, also known as the intensifier electrode 
or third anode. This electrode, as you will recall, only 
functions to accelerate the speed of the electron flow 
in reaching the screen, When the electron beam hits the 
screen, two fundamental actions occur, One involves 
the return path of the electrons, and the other refers to 
the manner in which light output is produced by elec- 
tron bombardment. We will consider the former action. 
first. 


The Electron Path 


A number of theories about the return path of the 
electrons have been current in the past. It is generally 
believed now that several processes are involved. Such 
factors as the secondary emission of the phosphor and 
glass base, the degree of conductivity of the phosphor, 
the velocity of the electron beam, and hence the second- 
anode or intensifier-electrode voltage, all play an i 
Portant role. The simplest way, however, of summari 
ing these and tracing the return path, after the elec- 
trons hit the screen, is by means of the concept of s 
ondary emission. By secondary emission we mean the 
release or emission of electrons from the screen mate- 
rial due to the impact of other electrons. 

AII substances consist of atoms which contain posi 
tively charged particles (protons), neutrons having no 
charge and about the same mass as protons, and nega- 
tive charges (electrons). A certain amount of energy 
is required to break an electron away from the atom 
due to the electrostatic attraction between the negative 
charges and the positive nucleus. Electrons traveling 
at high velocities can strike a surface with such force 
(the traveling electron has a great deal of kinetic en- 
ergy) that one or more of the electrons bound to an 
atom in the material may be forced out, a process which 
is called “ionization.” The initial electrons striking the 
surface are usually called primary electrons and those 
released from the material are called secondary elec- 
trons, The amount of secondary electrons released is 
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not necessarily equal to the number of primary elec- 
trons hitting the screen. The ratio between these two 
is primarily dependent upon the kinetic energy of the 
electron beam and the type of screen material used. 
When the number of secondary electrons released is 
equal to the number of primary electrons, the screen 
surface is said to be at an equilibrium potential. (The 
amount of charge leaving equals the amount arriving 
for a fixed time interval.) 

Thus we find the screen acting as a virtual cathode 
due to the secondary emission. Let us find out where. 
these secondary electrons go. The majority of the sec- 
ondary electrons are attracted to and divide up be- 
tween the near-by positive electrodes, which would be 
the second anode and the intensifier electrode, if one 
is employed. Some of the secondary electrons, how- 
ever, are also attracted back to the screen itself in an 
effort to maintain the screen at a voltage equilibrium. 
‘This latter action is best explained as follows: since we 
are dealing with a chemical material which is not pure 
and normally does not possess a smooth surface, vari- 
vous parts of the screen will act differently with respect 
to the number of secondary electrons emitted. This 
means that as the primary electrons strike different 
parts of the screen, these parts may exhibit differences 
of potential between them, with one being slightly 
positive with respect to another. This positive portion 
will absorb enough of the secondary electrons, which 
are moving at a slow velocity, to prevent any two 
near-by parts of the screen from differing in potential 
toany appreciable extent. 


Producing the Light Output 


The process of producing light output by electron 
bombardment of the screen material is quite complex. 
It is beyond the scope of this chapter to describe the 
complete action, as this would involve intricate details 
of atomic physics. The following analysis is a simpli- 
fied version of what basically occurs, whenever light is 
produced due to electron bombardment of atoms. 

In order to understand the basic phenomena, we 
must first know something about the fundamental 
structure of an atom. An atom consists of positive and 
negative charges, and neutrons. The positively charged 
particles and neutrons are all grouped together and are 
referred to as the nucleus of the atom, and the negative 
charges electrostatically attracted to the nucleus are 
called electrons. In a neutral atom, the number of posi- 
tive and negative charges are the same. There are a 
mumber of fundamental ways in which the atomic 
structure of the elements may be pictured. In Fig. 7-1 
we have illustrated one basic method. In any atom, no 








Fig. 7-1.— Basic structure of the atom, showing the positive 
nucleus in the center and unfilled electron shells. 





matter what the element, the nucleus with its positive 
charges occupies the center of the atom. The electrons 
are distributed about this nucleus in shells. These shells 
are not physical lines and hence are shown dashed in 
the drawing. The shells are concentric with the nucleus 
and the distance separating them decreases, the farther 
away they are from the nucleus, The shell nearest the 
nucleus is called the K shell, the next is called the L 
shell, the next the M shell, and so on. Thus, we find 
that there are seven active shells in which the electrons. 
of all existing chemical elements may be oriented. In 
the drawing of Fig. 7-1, only the first five shells are 
illustrated. 

‘The number of electrons in an atom depends upon 
the element referred to. For example, the element, 
lead, has 82 electrons, tin has 50 electrons, cobalt has 
27 electrons, sodium has 11 electrons, and hydrogen 
has only one electron. Not all the shells are occupied 
by electrons. Those nearest the nucleus are occupied 
first. No matter what the element is, the electrons dis- 
tribute themselves in a specific manner in certain shells, 

‘As an example, let us take the element sodium 
(chemical symbol Na) and see how the electrons are 
distributed. Refer to Fig. 7-2. Sodium has eleven elec- 
trons, which also means that the nucleus has a +11 
charge. Two electrons are found in ће К shell, eight 
electrons in the L shell, and hence only one electron 
appears in the M shell, as is indicated in the drawing. 
Note that the shells after the M shell are not occupied. 
When two electrons occupy the K shell of any atom 
and eight electrons the L shell, these shells are said to 


JThe atomic number of an element tells us how many elec- 
trons the atom possesses. 
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Fig. 7-2.—Structue of the neutral sodium atom, showing the 
which contains 11 positive charges and the 11 clecirons 
buted through the K, Land M shells. 








be filled. When a shell is filled, it is in a highly stable 
condition, that is, it is difficult to lose an electron from 
the shell and impossible to gain one. When a shell is 
not filled, such as the M shell in the sodium atom, it is 
relatively easy to gain or lose electrons from this shell 

With this fundamental understanding of the struc- 
ture of an atom, we are now ready to study the basic 
manner in which light output is produced. When the 
electron beam hits the screen, we mentioned that one 
of the actions that occurs is secondary emission. This 
phenomenon actually causes removal of electrons from 
the atoms of the screen material, The other action, that 
causing production of the light output, primarily de- 
pends upon the temporary displacement of electrons 
from an unstable or unfilled shell. 

Let us use the sodium atom once again for illustra- 
tive purposes and assume that as the electron beam 
strikes one of these atoms, the electron in the M shell 
(which is unstable) is forced out due to the impact 
of the beam. Furthermore, let us assume that the im- 
act is not strong enough to completely remove this 
electron from the atom itself, but merely displaces it 
toward another shell. The electron is normally dis- 
placed toward ap outer or unoccupied shell, where it 
possesses greater energy. In being displaced toward 
these outer shells, the electrons generally have a ten- 
dency to be temporarily (an extremely short time) 
seated in one of them. 

The electron may be displaced toward the next outer 
shell or pass through one or two shells before tempo- 
rarily resting in another shell. The exact shell the 
electron will go to depends upon the amount of energy 
it absorbed due to the impact of the electron beam. An 





ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


electron in one of the outer shells has a progressively 
greater potential energy, the greater its distance from 
the nucleus, since more work is initially required to 
place it in one of the outlying shells against the attrac- 
tion of the positive nucleus ; for this reason, the outer 
shells are often called “higher energy levels.” The 
electron dislodged by impact will go to a shell, where 
its energy is just equal to the amount of work which 
has been done upon it by the bombarding electron. 

Because of the attraction by the nucleus, the electron 
immediately upon reaching some outer shell or energy 
level is attracted back to its original shell of lower en- 
ergy, which is its normal position. Since the electron 
previously absorbed energy, and energy can neither be 
created nor destroyed, the electron in falling back to 
its original shell must give up this excess energy. It 
does so in the form of radiant power. 

The important fact in this release of radiant energy 
is that it is in the form of electromagnetic waves and 
hence possesses a specific wavelength. Light waves are 
electromagnetic waves and are part of the electromag- 
netic spectrum. They occupy, however, only a small 
portion of this spectrum. Materials used for screens of 
cathode-ray tubes are so chosen that they will radiate 
energy, due to electron bombardment, in the visible 
light part of the spectrum. 

The exact frequency of the radiant energy emitted 
depends upon the difference in energy of the shells 
through which the electron passes. Going back to the 
sodium atom again, let us assume two cases—one 
where the electron, originally in the M shell, is dis- 
placed to the N shell and then returns, and the other 
where the electron is displaced two shells outward to 
the O shell and then returns, Let us analyze the first 
case. Refer to Fig. 7-3A, which is the section of the 





sodium atom of interest to us. When in the Af shell, the 
electron possesses a certain amount of potential energy, 
call it Wy and when displaced to the N shell, it pos- 
sesses a greater potential energy, call it Wy. The differ- 
ence between these two potential energies is directly 
related to a frequency of the spectrum as indicated by 
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the following formula 

Wy Ии =, 03) 
where f, is equal to the frequency radiated and h іза 
dimensional constant (called Planck's constant), which 
is equal to 6.624 x 10-2" erg-seconds. Solving equa- 
tion (7-1) for f,, we find 


fe Fen oai 
The frequency in this case, therefore, is equal to the. 
difference in energy between the adjacent energy levels. 
divided by a constant. When the electron that has been 
displaced to the N shell returns to its original M shell, 
the radiant energy that it releases produces only one 
frequency line in the visible part of the spectrum. 

Now let us take the second case, where the electron 
is displaced two shells outward to the O shell as indi- 
cated in Fig. 7-3B. In this case, when the electron is in 
the O shell, it possesses а greater potential energy, call 
it Wo, than when in either the M or N shell. When this 
electron travels back to its original shell, it releases a 
certain amount of radiant energy in passing from shell 
O to N and a different amount of radiant energy in 
passing from shell N back to its original shell M. In 
each case, the radiant energy released has a different 
frequency. In going back from shell O to shell N, the 
frequency fe is We-W, 

ia [22] 
and in going back from shell N to shell M, the fre- 
quency is the same as equation (7-2). The electron can 
also return directly from shell O to M, in which case 
still another frequency is radiated. Which transition 
will actually take place is determined by the so-called 
selection rules and depends on a number of complex 
factors, such as the type of circular or elliptical orbit 
the electron rotates in, the spin around its axis, etc. 
The chemicals chosen for the screen materials are such 
that although the frequencies radiated differ from one 
shell to another, they generally fall within the visible 
part of the spectrum. Consequently, no matter what 
shell the electron is displaced to, the phosphor used as 
the screen is such that the radiant energy released when 
the electron returns to its shell has a frequency range 
within the light part of the electromagnetic spectrum. 


Electron Returning to an Ionized Atom 

It is possible for electrons originally in an unfilled 
shell, when bombarded, to be completely knocked out 
of the atom, i.e., past all energy levels, so that there is 
no longer any attraction to the nucleus. When an atom 
Joses an electron in this manner, it is said to be in an 
ionized state. If an atom loses two electrons from its 
unfilled shell, it is said to be doubly ionized. 


When an atom is in an ionized state, it can receive 
any free electrons, not necessarily those it originally 
lost, to get back into a neutral state. Slow-moving sec- 
ondary electrons that hover around the screen mate- 
rial may fall into an outer energy level of some ionized 
atom to make it neutral again. When an electron drops 
into the outermost energy level of an ionized atom, it 
is attracted by the nucleus toward the unfilled shel, In 
the process of falling back through the various levels, 
the electron radiates energy, most of which falls into 
the visible light region of the spectrum because of the 
nature of the screen material. Thus, we see that light 
output is also produced by electrons finding their way 
into the unfilled shells of ionized atoms. 


The Electromagnetic Spectrum 


We mentioned that light is an electromagnetic wave. 
and hence occupies part of the electromagnetic spec- 
trum, The electromagnetic spectrum is an orderly 
numerical arrangement of the frequencies of electro- 
magnetic waves known thus far. This spectrum ex- 
tends from frequencies as low as 10 cps to those as high 
as 10" megacycles per second ; theoretically, there is 
no upper limit, however. This means that the wave- 
lengths of this spectrum extend from 30 million meters 
to 3 x 10-1 cm. Audio frequencies, radio waves, 
frared waves (those which contain radiated heat), 
light waves (visible radiations), ultraviolet waves, X 
rays, gamma rays, and the cosmic radiations are all 
part of the electromagnetic spectrum. 

That part of the electromagnetic spectrum in which 
же are interested is often called the visible spectrum 
and lies between the infrared and ultraviolet regions of 
the spectrum, It is an extremely thin strip lying a 
proximately in the midregion of the electromagnetic 
spectrum. For radiations of very short wavelengths, 
there are two special units conventionally used for 
designating the wavelength. A wavelength of 10-* cm. 
is called the micron and designated by the Greek letter 
A. Thus a wavelength of 0.03 cm is equal to 300 
microns, often written as 3004. The other unit used 
for still smaller wavelengths is called the Angstrom 
unit and corresponds to a wavelength of 10—* cm. This. 
unit is designated by the symbol A. Thus, a wavelength 
of 0.03 cm is equal to 3 million Angstroms or 3 x 10* A. 

The visible spectrum extends roughly from a fre- 
quency of approximately 4.3 X 10* Mc to 7.5 X 10° 
Mc, which is a very small portion of the electromag- 
netic spectrum. In terms of micron units, the wave- 
length of the visible spectrum extends from about 0.70. 
to 0.4, or in terms of angstrom units, it extends from 
7,000 A to 4,000 A. This light spectrum gradually 
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changes in color from a deep red at the low-frequency 
or high-wavelength end, as indicated in the spectral 
drawing of Fig. 7-4, passing through orange, yellow, 
green, and blue to violet at the short-wavelength or 
high-frequency end. There is actually no line of demar- 
cation between any two colors as indicated on the 
drawing ; each blends in with the two colors adjacent 
to it exactly like a rainbow. The extreme ends of the 
red and violet colors are not given any specific wave- 
lengths, because there is actually no exact limitation as 
to the length of the visible spectrum, 

When a displaced electron drops back to an unfilled 
shell of the atom, the wavelength of its radiant energy 
has to fall within the spectrum indicated in Fig. 7-4 in 
order to be visible. 





Terminology 

‘There are quite a few terms that help describe cer- 
tain characteristics of the cathode-ray-tube screens. 
Definitions of these terms are necessary in order to 
follow the remainder of this chapter. This section will 
bbe devoted to these definitions. 





Luminescent 

Luminescent is the general term applied to any 
‘material that emits light when excited by some external 
source. The screens of cathode-ray tubes are lumines- 
cent materials because they emit light during bombard- 
ment by the electron beam. 


Luminescence 

Luminescence is the term usually applied to encom- 
pass all forms of radiation within the visible spectrum. 
There are many different types of luminescence. For 
example, bioluminescence refers to luminescence pro- 
duced by living grganisms (the firefly is an example 
of this) and chemiluminescence refers to luminescence 
produced by chemical reactions. Cathodoluminescence 
is the term applied to luminescence that is caused by 
the impact of electrons, produced by cathode rays, 
against some surface. This latter term is the one we 
deal with in cathode-ray tubes, where the surface is 
the screen of the tube, 

Materials can luminesce during and ofter their 
period of excitation. There has been some discrepancy 





Fig. 7-4.—The visible show- 
ing the approximate was range of the 
‘chief color hues. 


in the literature as to whether or not the term of lumi- 
nescence shall also encompass light radiation after the 
source of excitation has been removed. Both interpre- 
tations have been used, but the most commonly ac- 
cepted definition, and the one that we will use in this 
chapter, is that luminescence refers to visible radiation 
of the material both during and after the excitation 
period. 

Fluorescence 


The luminescence of a material while it is being ex- 
cited is referred to as fluorescence, As far as cathode- 
ray tubes are concerned, fluorescence generally occurs 
during the time the electron beam is hitting the screen. 
The period of fluorescence of the screen, therefore, 
continues for approximately as long as the electron 
beam is active. Fluorescence can exhibit any color or 
combinations of color in the spectrum. 


Phosphorescence 

Phosphorescence refers to light emission which per- 
sists after the excitation has been removed, For cath- 
ode-ray tubes, this means that the screens will lu- 
minesce for a certain period of time after bombardment 
by the electron beam. The time limit of phospho- 
rescence depends upon the type of material used, Phos- 
phorescence can exhibit the same color as fluorescence, 
or it may be a different color. 

The theory involving the production of light output. 
due to phosphorescence of cathode-ray-tube screens is 
quite complex due to the impurities added to the 
screen material, It is basically similar to the process of 
light output during fluorescence, that is, radiant energy 
is emitted during the return of electrons to unfilled 
shells of the atoms. However, some of the electrons 
bombarded out of their unfilled shells by the electron 
beam do not immediately return to these shells. What 
happens is that these electrons pass into so-called 
‘metastable or quasistable states and remain there for a 
certain period of time. They generally return to the 
unfilled shells some time later by thermal collisions 
and then radiate energy in a manner similar to that 
occurring during fluorescence. Phosphorescence also 
‘occurs during fluorescence, but its glow is generally of 
a weaker intensity and not obvious, since it is blended 
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in with the fluorescence, This is especially so if the 
fluorescence and phosphorescence are of the same 
color. Consequently, for all practical purposes, phos- 
phorescence is said to exist after the period of fluores- 
cence, that is, after electron bombardment has ceased. 


Phosphor 

‘The complete screen material made up of several 
constituents producing a characteristic luminescence 
is referred to as the phosphor. Occasionally it is inter- 
preted to refer to the active light-producing part of the 
screen only. The term “phosphor” should not be con- 
fused with the chemical element Phosphorus. Phos- 
phors can be either fluorescent, phosphorescent, or 
both. Cathode-ray-tube screens are generally of the. 
latter type. 


Persistence 


The term persistence refers to the duration of the 
period of phosphorescence or afterglow. As mentioned 
at the beginning of this chapter, the cathode-ray-tube 
screens are classified into three main groups—namely : 
short-, medium, and long-persistence types. There is 
no fine line of demarcation between these groups. The 
period of phosphorescence for  short-persistence 
screens may last anywhere from a few microseconds up 
to one millisecond, that for medium persistence screens 
generally falls between a few milliseconds and as high 
as one or two seconds, and any persistence longer than. 
this amount falls into the long-persistence screen cate- 
gory. The above time limits only take into account the 
degree of phosphorescence noticeable by the human 
eye, and sometimes other definitions are encountered. 








Luminous Intensity 


In connection with cathode-ray-tube screens, it is 
important to know something about the light output. 
‘There are a number of technical terms relating to light 
with which we should be familiar. One of them is lumi- 
nous intensity, which is defined as the amount of light 
Вих radiated per unit solid angle, as seen from a point 
source of light, 


Candle 


The standard for luminous intensity is known as the 
candle. The source of light selected to define this stand- 
ard is determined by specially calibrated systems 
‘throughout the laboratories of the world. Previously 
‘the international candle unit was the only standard, 
but the new one used in the United States is somewhat. 
smaller than the international candle. 


Candiepower 

Candlepower is the luminous intensity of a light 
source expressed in candles, The abbreviation cp 
used for candlepower. 





Lumen 

A light source emits light energy at some specific 
rate. The term light flux or luminous flux is used to 
specify the rate of light output from a source. A lumen 
is the unit of measurement of light flux, It is defined 
as the amount of light flux that a standard one-candle- 
power point source radiates through a unit solid angle, 
The greater the number of lumens measured on a sur- 
face, the greater is the light intensity at that surface, 
When we say a surface has greater illumination than 
another, we mean that the amount of light flux or 
lumens per unit area is greater. 





Footcandle 

The foot-candle is a unit of illumination which is 
‘equal to one lumen per square foot, This is used only 
for the English system. The corresponding metric unit. 
(lumens per square meter) is called the lux. 


Footlambert 

Brightness is the luminous intensity per unit area of 
a surface viewed from a specific direction; i.e., the 
illuminated area must be projected on the given direc- 
tion. The lambert is the unit of brightness; it is the 
average brightness of a surface emitting or reflecting 
one lumen per square centimeter. It is also equal to 1/w 
candles per square centimeter. This definition is for the 
metric system. For the English system, the unit of 
average brightness is called the foot-lambert, 


Writing Speed 

Writing speed or writing rate refers to the linear 
velocity of the trace over the screen, usually stated in 
inches or centimeters per microsecond. The normal 
reference is with respect to sinusoidal input signals. 





Current Density 

The current density refers to the amount of beam 
current per unit area at the screen of the tube. It 
should be remembered that the beam current returns 
primarily through the anode and intensifier electrode 
(if the latter is used). 


“Activator” Content of Screen Material 


It is important to know something about the general 
chemical makeup of the screen material for a better 
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understanding of the luminescence of the different 
screens. In the beginning of this chapter, we indicated 
how light output, due to electron bombardment, is pro- 
duced by the giving up of radiant energy of a displaced 
electron in falling back to its previous position. The 
actual process is much more complicated than this 
simple analysis would indicate, because of the complex 
nature of the screen material. However complicated 
the process may be, it involves the production of radi- 
ant energy that falls for the greater part within the 
visible portion of the electromagnetic spectrum. 

It is said that the chemical compound used as the 
phosphor when considered in pure form (with no other 
chemical impurities added) cannot luminesce because 
of the crystalline nature of the material. The ability of. 
certain chemicals to luminesce is, in most cases, pri- 
marily dependent upon some impurity in the material, 
which is called the activator. The activator helps start 
the luminescent within the base chemical and 
greatly increase» its efficiency. This activator action in 
phosphors is analogous to a catalytic agent used to 
speed up some chemical reactions. On the other hand, 
it is also said that there are some phosphors which in 
their pure form can fluoresce without any added im- 
purity or activator in the material, Although no direct, 
chemical impurity exists in these, it is generally be- 
lieved today that atoms of one of the metallic elements 
making up the chemical phosphor are situated in spaces 
between molecules of the material, and it is these atoms 
which are said to perform the function of activators. 

Most of the activators used today are metallic ele- 
ments, although there are some other types of elements 
and compounds that are used as activators. The most 
‘common type of metal activators used today are silver, 
copper, and manganese. Iron and nickel are also used 
as metallic activators, but not to the extent that the 
others are. The type of activator used determines the 
fluorescent color of the phosphor. This is definitely 
proven by one of the most common types of phosphors, 
namely, zinc sulfide. When this compound is activated 
with silver, it will fluoresce a blue color, when activated 
with copper, the fluorescent color will be blue-green, 
and when activated with manganese, the color will be 
orange. Pure zinc sulfide alone produces a pale blue 
color. 

Besides the type of activator determining the fuo- 
escent color, the quantity of the activator material 
also playsa very important role. If the amount of silver 
that gives a blue fluorescent color is increased slightly, 
the fluorescent color can be made to shift to red. This. 
means that the wavelength of the radiant energy is in- 
creased. If too much of an activator is used, itis very 








possible that, instead of functioning as an activator, it 
will have just the opposite effect and prevent fluores- 
cence. If used in this way, the ingredient is often re- 
ferred to as a quencher to distinguish it from the term 
activator. 

Only a very small amount of an activator is required 
to help produce fluorescence. Most fluorescent com- 
Pounds as found in nature contain a certain amount of 
impurities. One or more of these impurities can easily 
act as an activator. Since only a very small quantity of 
the activator is usually required, it often happens that 
there is too much of some impurity in the natural phos- 
phor and, instead of functioning as an activator, it per- 
forms as a quencher. Consequently, in the process of 
manufacturing screen materials out of natural phos- 
phors, the phosphor is first put through a refining 
process to remove the impurities and then the required 
amount of activator is added to the purified phosphor. 
Phosphors are also synthetically manufactured, with 
the activators being inserted during the process of 
manufacture. 

More than one activator can be used with certain 
phosphors. In cases such as this, two different colors 
can be generated during moments of fluorescence and 
may appear as a single blended color. It is during the 
periods of phosphorescence that these differences in 
color become obvious. Thus we see that the activators 
also have an effect upon the color of phosphorescence. 

The usual fluorescent and phosphorescent colors 
used for cathode-ray-tube screens employed in oscillo- 
scopes, television equipment, and radar apparatus are 
green, white, blue, orange, yellow, red, blue-green, and 
blue-white. At the time of writing, the only standardi- 
zation relating to phosphors is that referring to tube 
type. The RMA standardization is that the third sym- 
bol of the cathode-ray-tube type shall be the letter P 
followed by a number, both of which designate the 
screen characteristic. Many such P numbers do exist, 
such as P1, P4, P7, etc., and the terminology is used 
by most manufacturers, but there are discrepancies be- 
tween tubes of different manufacturers as to the exact 
‘chemical content of the phosphor, the activators used, 
the persistence, and the exact fluorescent and phos- 
phorescent colors. An effort is now being made toward 





Cascade Screens 

In the past, production of cathode-ray tubes usually 
involved only a single phosphor material for the screen, 
Today many screens are still being manufactured using 
a single phosphor, but a new process has also been 
developed for certain applications generally utilizing 
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two phosphors, one coated on top of the other. The 
screen formed in this manner is referred to as a cascade 
screen. 

‘The primary purpose of such cascade screens is to 
produce an over-all screen material that has a very 
Jong persistence with a high efficiency. One phosphor 
is placed on the inside glass face of the cathode-ray 
tube and the other phosphor is coated over this first 
‘one, The phosphor nearest the face of the tul 
one having a long-persistence characteristic, while the 
Other usually has a short-persistence characteristic 
that will not interfere with the phosphorescent color of 
the first phosphor. Such screens have found extensive 
use in radar applications during the war where very 
long-persistence screens were desired because of the 
extremely long sweep periods used. 

‘The production of light output from the long-per- 
sistence phosphor is actually a combination of two 
processes. Light output is produced from both screens. 
in a manner similar to that previously described due 
to bombardment by the electron beam. The short- 
persistence phosphor produces the greater light output 
by this method because it is the first one in the path 
of the electron beam. For the long-persistence screen 
to produce light output by this method, the electron 
‘beam must penetrate completely through the first phos- 
phor and then hit the one lying next to the glass face 
of the tube, If the electron beam penetrates this long- 
persistence phosphor at all, it will do so for a very, 
short distance. Consequently, the light output from the 
long-persistence screen due to electron bombardment 
is very small, The light output from the first phosphor 
due to this method is quite high because of the high 
beam penetration and characteristic of the phosphor 
used. It is the light output from the first phosphor 
which is primarily used to excite the second (long- 
persistence) phosphor. 

Phosphors may be excited into emitting light energy 
by means other than electron impact. Electromagnetic 
waves themselves, and hence light, can also be made 
to excite phosphors into luminescence. What happens 
in the case of the cascade screen is that the first phos- 
phor emits light due to electron bombardment which 
is absorbed by the second phosphor, and in turn, pro- 
duces its own radiant power output within the light 
spectrum. 

The light output from the long-persistence screen is 
primarily caused by light absorption and only to a 
small degree by electron impact. Types P7 and P14 
made by many manufacturers are typical cascaded 
screens. The characteristics of these and other types of. 
screens are covered in a later section of this book. 














Beam Penetration 


Light output due to electron impact is, as we already 
know, primarily brought about by the release of radiant 
energy when electrons which have been knocked out 
of unfilled shells of atoms fall back into these shells. 
‘The amount of light output can be increased by the 
increase in the beam velocity which, in turn, is brought 
about by an increase in accelerating potential. The in- 
crease in electron beam velocity imparts a greater 
kinetic energy to the beam and this increased energy 
helps to produce a greater radiant energy output from 
the screen material. Actually, however, this is not due 
toa simple multiplication of secondary electrons, since 
the number of released electrons per unit penetration 
of the electron beam is more or less constant and is 
independent of the velocity of the electron beam, The 
increase in electron-beam velocity (energy) increases 
the light output chiefly because the beam penetrates 
the screen material deeper and new areas are, there- 
fore, subject to clectron bombardment. The cross- 
sectional arca drawing of Fig. 7-5 will make this 
clearer. This drawing is greatly exaggerated ; the beam 
penetration is only in the order of a few angstroms 
deep. Let us assume that the electron beam has a cer- 
tain kinetic energy and that it penetrates the screen 
material a certain distance as indicated by the first 
arrow, Let us further assume that the area of phosphor 
which produces light output is indicated by section A. 





When viewing the face of the tube in the normal man- 
ner, a certain amount of light output is seen due to this 
initial penetration. 





Now assume that the accelerating potential of the 
tube is increased, thercby increasing the velocity and 
energy of the beam. The greater resulting depth of 
penetration is indicated by the second arrow and the 
added amount of phosphor involved in producing light 
‘output is indicated by section B in the drawing. The 
higher-velocity beam, in passing through section A, 
does not cause any change in the radiant light output, 
because the number of electrons released per unit area 
are independent of the beam velocity. When viewing 
the tube under the condition of increased beam veloc- 
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ity, the light produced by sections A and B is effec- 
tively added to produce a greater light output. 

This analysis is greatly simplified, the complete 
process being much more complex. One point not 
illustrated by Fig. 7-5 is the relationship of the depth 
of penetration to the electron-beam velocity. Electron 
penetrations into solid substances are proportional to 
the square of the kinetic energy of the electron.* Con- 
sequently, since electron penetration is proportional to 
the square of the kinetic energy, the depth of penetra- 
tion is proportional to the fourth power of the velocity 
of the electron beam. Phosphors are not truly solid 
substances, but for practical purposes, we can assume 
this fourth-power relation to be a rough approxima- 
tion. Furthermore, the kinetic energy of the electron 
beam is directly proportional to the applied accelerat- 
ing potential so that the penetration of the electron 
beam is also approximately proportional to the square 
of the accelerating voltage. 


Screen Thickness 

The above analysis relative to the beam penetration 
strictly true only for a solid substance, and, as we 
pointed out, phosphors used for screens are not uni- 
formly solid. The screen essentially consists of many 
minute crystalline particles of various sizes which are 
not packed tightly in the process of application to the 
face of the cathode-ray tube. Consequently, many 
empty spaces exist within the screen material. This 
means that the electron beam will not always strike the 
phosphor particles, but may be passing through various 
empty spaces between the crystalline particles. Other 
factors complicating the analysis indicate that the elec- 
trons that make up the beam do not all have the same 
velocity as they hit the screen and that every part of 
the phosphor hit will not necessarily produce light 
output. 

With all these factors in mind, it appears that the 
optimum thickness of the screen material is dependent 
upon various conditions and not just upon the acceler- 
ating potential of the tube, although this latter factor 
does play the nfost important role. If the screen mate- 
rial is too thin, the electron beam may penetrate com- 
pletely through the phosphor, hit the inside face of the 
tube, and cause electron burning of the glass. Because 
of the above considerations, it appears that the screen 
material should have a greater thickness than that 
based upon electron penetration into solid material. 
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This is exactly what is done in practice, but there is 
also a limit to how thick the screen may be. This li 
ing thickness is referred to as the optimum thickness 
of the screen for most efficient light output. If the layer 
of screen material is made too thick, part of the light 
emitted by one portion of the screen may be absorbed 
by another portion without re-emitting any visible 
radiation. In other words, what generally happens is 
that the beam only penetrates a small portion of the 
screen and excites this part into visible radiation. The 
light rays from this part of the screen may be absorbed 
by other portions which are neither excited by the beam 
ior by the light rays from the first part of the screen. 
In general, the greater the thickness beyond the opti- 
mum value, the greater is the reduction in screen 
efficiency. 

The optimum thickness, besides being a function of 
the type of phosphor used, is also dependent upon the 
modes of screen excitation. The strength of excitation, 
which is a direct function of the kinetic energy of the 
beam, is, as we know, one factor that plays a very i 
portant role. However, the duration of excitation 
also important. If the excitation is continuous, the 
screen would normally have to be somewhat thicker 
than for discontinuous or pulsed operation. In other 
words, whether the excitation is continuous or inter- 
mittent is an important factor to be considered. Since 
the accelerating voltage has the greatest single effect 
upon the electron-beam penetration of the screen, the 
optimum screen thickness is chosen primarily in ac- 
cordance with the accelerating voltage that is to be 
used. However, for more accurate determination of 
optimum screen thickness, all conditions of excitation 
to which the tube may be subject should be taken into 
account. 











Hoat Generation 


When the electron beam strikes the screen, not all 
of the kinetic energy is converted into light energy or 
into the production of secondary electrons, Heat 
energy is also produced. This heat energy can be very 
detrimental to the production of light output from the 
screen. The efficiency of light emission from most 
screens is dependent upon the temperature of the phos- 
phor, among other factors. It has been found that, as 
the temperature rises, the efficiency of the screen phos- 
phor decreases. 

If the electron beam is kept moving and is deflected 
all around the screen, the screen will be maintained at 
a low average temperature. However, if the beam is 
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concentrated at a small part of the screen, the heat 
generated is then confined and the temperature of that. 
area rises. This can occur even if the beam is deflected, 
as in tracing out the same sine wave continuously over 
and over again, but the temperature will rise even more 
when the beam remains stationary and causes only a 
spot of light to appear. 


‘Spot Burn 


If the electron beam continues to strike the same 
area for any prolonged length of time, the higher tem- 
perature produced may cause permanent loss of effi- 
ciency from that part of the screen. The screen may 
actually become burned due to the high temperatures, 
resulting in the so-called spot burn. To prevent dam- 
age to the screen material, the beam should not be 
allowed to remain stationary in any one spot, or even 
to be deflected over the same path for any long period 
of time. Decreasing the intensity of the beam under 
these circumstances will help prevent screen burns. 


Spot Size 


In previous chapters, we discussed the factors that 
influence the size of the spot. These factors dealt pri- 
marily with the electron gun and the general laws of 
optics. As far as the screen material itself is concerned, 
two principal factors which affect the size of the spot 
are the thickness of the screen used and the interaction 
among electrons during bombardment. 

‘An increase in accelerating potential will reduce the 
spot size. The thickness of most screens, as mentioned 
previously, is principally determined on the basis of 
the required accelerating voltage. If a screen designed 
for a high accelerating voltage is used with a low ac- 
celerating voltage, the spot size will increase. A cas- 
caded screen, therefore, will show a larger spot than 
a single-layer screen due to the condition of operation 
of such screens. Furthermore, the electrons themselves, 
being negative in character, have a repelling effect on 
‘each other which also increases the spot size. 


‘Screen Potential 


We have mentioned before that the screen phosphor 
becomes charged due to electron bombardment. This 
charging phenomenon makes the screen exhibit a 
Potential. Since the screen material is uneven, that is, 
it is not smooth, and causes sections to become charged 
to different values, the screen potential would seem to 
increase, especially if the phosphor is unevenly spread 
on the face of the tube. This is true to some degree, but, 
as mentioned before, slow-moving secondary electrons 


are attracted back to certain portions of the screen, 
helping to reduce the screen potential to a low value. 


Halo 


Several things can happen to the light output pro- 
duced by the screen, one of these being the so-called 
halo effect, which results in a considerable loss of pic- 
ture contrast. Let us consider this effect in detail, re- 
ferring to Fig. 7-6A. The light spot X on the screen 
emits light rays in all directions. Ray a, which is per- 
pendicular to the screen, passes normally through the 
glass face of the tube without any change, Rays b and 
€, initially forming a small angle with the perpendicular 
to the screen, are refracted at the glass according to 
the well-known laws of optics; that is, they are tilted 
away from the perpendicular in passing out from the 
glass face. At a certain so-called critical angle, this tilt 
becomes so great that the ray of light is no longer able 
to emerge from the glass face, because it would be 
parallel to it. At this point, the light is totally reflected 
back toward the screens. This is shown in Fig. 7-6A 
for rays d and ¢ emitted at the critical angle 6. These 
rays, after being reflected toward the screen, reactivate 
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Fig, 75—(A) The halation effect produced by totally re- 
flected rays returning from the outer glass face to 

resulting in secondary fluorescence, 
Photograph taken from the screen of | 
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the phosphor and produce further light output at points. 
У апі У of the screen. 

It is obvious that this additional light will interfere 
with the normal shadows and lights of the picture and, 
therefore, reduce contrast. Y and Y" are only two 
points on the cross section of the tube face shown on 
the screen; actually, a whole ring of light-producing 
points concentric with light spot X is formed. This 
ring is called the halo. However, usually more than one 
concentric ring is produced; this occurs in the follow- 
ing manner. The screen, being a nonuniform (non- 
homogeneous) crystalline material, is not everywhere 
in optical contact with the glass surface. Those parts 
of the screen which are in contact with the glass face 
at points Y and Y" will be illuminated by the totally 
reflected rays d and e and produce light output. Those. 
parts of the screen, however, which are not in optical 
contact with the glass, cannot produce light. These 
portions of rays d and e are, therefore, again totally 
reflected at Y and Y" toward the outer glass surface. 
Here, they are, in turn, totally reflected toward points 
Z and Z' of the screen, forming another halo ring of 
weaker intensity. In this way several rings may be pro- 
duced, each progressively weaker in intensity. Fig. 
7-6B is an actual photograph, showing the light spot 
in the center and two concentric halo rings. 











Characteristic Curves. 

In order to indicate the performance of phosphor 
Screens relative to screen efficiency, radiant energy 
istribution in the visible spectrum, persistence qual- 
ies, and writing speeds, various characteristic curves. 
have been devised, In this section, we will study such 
curves so that we can become familiar with practical 
aspects. 





Eye Visibility Curve 

The limitations of the visible spectrum arise out of 
the inability of the human eye to respond equally to 
different electromagnetic radiations. In Fig. 7-4 the 
visible spectrum was indicated to extend approxi- 
mately from wavelength of 4,000 A to 7,000 А. In 
reality, there are no exact limits to this spectrum be- 
cause not all eyes respond the same. The limits chosen 
are considered to be the average limitations of the 
eye's response. A knowledge of the eye's sensitivity to 
light is necessary in order to understand the spectral 
characteristic curves of the diferent phosphors. 

The eye does not have the same response to light of 
different frequencies. If we were to look at different 
monochromatic (single-frequency) lights of the same 
intensity from one end of the visible spectrum to the 















































Fig. 7-7—Relative sensitivity of the eye to different wave- 
Length of the visible spectrum; maximum sensitivity occurs 
approximately at 5,560 A. 


other, the relative brightness of each color would seem 
to increase to a maximum point gradually and then 
decrease again. This sensitivity of the human eye is 
graphically represented by the curve of Fig. 7-7, com- 
monly called the eye visibility curve or the eye sensi- 
tivity curve. The colors of the spectrum are indicated 
on top of the graphs for the sake of illustration. 

This curve is drawn for the average light-adapted 
eye and it is seen that the maximum sensitivity occurs 
at a wavelength of approximately 5,560 A. This means 
that a greenish-yellow light appears the brightest. The 
intensity of the different wavelengths for this curve is 
considered to be average—that is, neither too weak nor 
too bright. When the intensity of the light is increased 
or decreased, the visibility curve will change, with the 
maximum sensitivity occurring at a different wave- 
length. For example, at weak intensities, the eye's re- 
sponse is more sensitive to light in the lower wave- 
length region with the maximum sensitivity being 
around the green or blue region of the spectrum. What- 
ever the case may be, it should be remembered that the 
eye does not have the same sensitivity to all colors in 
the visible spectrum and that its maximum sensitivity 
can vary somewhat according to the intensity of the 
light being observed and the physical characteristics of 
the particular eye. 


SpectralEnergy Distribution 

The energy radiated from a phosphor screen is not 
at one frequency in the visible spectrum but covers a 
range of wavelengths. Also, the intensity of the radiant 
energy is not the same for the different wavelengths 
radiated. In order to indicate these variations for the 
which show the intensity versus wavelength charac- 
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teristic for each phosphor. These curves are known by 
such terms as spectral-energy-distribution curves or 
spectral-energy emission characteristic or just spectral 
characteristic. 

In Fig. 7-8 appears a typical spectral-characteristic 
curve. The abscissa or X-axis of the graph represents 
wavelengths in terms of Angstrom units. The ordinate 
or Y-axis represents the radiant energy output from 
the phosphor. This part of the graph is usually ex- 
pressed in terms of relative values with the top or peak 
part of the curve given a maximum intensity value of 
100 (as used in Fig. 7-8) ora maximum value of unity. 
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7-8—Typical spectral-characteristic curve of a phos- 
heron Woo aden covey peaks CEng 
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‘The ordinate, besides being called the relative radiant 
energy, is also commonly known as relative energy or 
relative intensity, 

The exact shape of the curve will vary for the differ- 
ent types of phosphors tested. The method of measure- 
ment used to obtain these curves is unimportant to us, 
but what is important is to understand that such curves 
do exist and from them the amount of radiant energy at 
different colors (ie., wavelengths) can be seen easily. 
For example, from the curve of Fig. 7-8, the maximum 
radiant energy output occurs at 5,700 A, which is in 
the yellow region of the spectrum. It can also be seen 
that the sensitivity in the orange region (above 6,000 
A) and green to blue regions (5,200 A and below) has 
decreased to less than 50 per cent of the maximum sen- 
sitivity. Such curves are plotted under a specific set of 
conditions of cathode-ray-tube operation, the acceler- 
ating potential and second-anode or intensifier-elec- 
trode current per unit sereen area being the most im- 
portant factors. The interesting thing about the curve 
shown here is that it has two peaks. Such curves are 
usually the result of using two different phosphors for 
the same screen material. 


Visual Spectral Characteristic 

The curve of Fig. 7-8 tells us the relative amount of. 
radiant energy output at different wavelengths. An- 
other interesting and important curve refers to the 
luminous output of the screen at different wavelengths. 
as seen by the human eye and is generally referred to 
as the visual spectral characteristic or visual response 
curve. It is a plot of luminous energy output (usually 
on a relative basis) with respect to wavelength cor- 
rected to the eye’s sensitivity curve. The ordinates or 
Y-axis values of such curves for each specific wave- 
length are obtained by multiplying the values of the 
relative radiant energy from the spectral-energy-char- 
acteristic curve by the relative sensitivity from the eye's 
visibility curve. 

As a typical example, let us use the spectral charac 
teristic of Fig. 7-8 in conjunction with the eye visibility 
curve of Fig. 7-7 to obtain this new curve. The result- 
ing visual spectral characteristic is shown in Fig. 7-9. 
To indicate how this curve was plotted, let us examine 
the relative radiant energy of Fig. 7-8 and the relative 
sensitivity of Fig. 7-7 at three different wavelengths, 











7-7, the relative eye sensitivity at these three wave- 
lengths is seen to be approximately equal to 32, 98, and 
64 per cent of the maximum sensitivity, respectively. 
From Fig. 7-8, the relative radiant energy at these 
three frequencies is found to have values of 26, 80, and 
51, respectively. By multiplying 0.32 by 26, 0.98 by 80, 
and 0.64 by 51, the ordinates or Y-axis values for the 
visual spectral characteristic of Fig. 7-9 will be found. 
The products of these values are 83, 784, and 326, 
respectively, and are thus indicated in the graph of 
Fig.79. 














7-9.—The resultant visual spectral characteristic of the- 
sir townie Fig 72 
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Fig, 7-10.—The difference in area between the graphs of 
Het 8 and 79 provides an incaon of he va Р 
of the phosphor. 


If the graph of Fig. 7-9 is superimposed over the 
graph of Fig. 7-8, the difference in area enclosed by 
both curves will be a relative over-all indication of the 
visual efficiency of the phosphor. This efficiency is 
related to the amount of luminous or visual light out- 
put as compared to the total amount of radiant energy 
available.* The superimposed graphs are illustrated in 
Fig. 7-10. The ratio of the area under the visible energy 
curve (the smaller area) to that under the radiant 
‘energy curve in terms of percentage tells us how much 
of the total radiant energy is utilized in the production 
of light output as far as the human eye is concerned. 
If the ratio is, say, 0.70, it means that only 30 per cent. 
of the radiant energy is not "seen" or "utilized" by the 
eye and that 70 per cent is useful. Such a value is con- 
sidered highly efficient for cathode-ray-tube screens, 


Screen Efficiency 


‘The efficiency of the screen in producing light output 
in accordance with the applied accelerating potential 
is another basic characteristic of cathode-ray-tube 
screens. We already mentioned that the amount of light 
‘output from screens is dependent upon the accelerating 
voltage as one principal factor. According to the type 
of phosphor used as the screen, there are upper and 
lower limits of useful accelerating potential. Below the 
lower limit, there will not be amy light output and 
above the upper limit, the light output will not increase. 
any more, remaining more or less constant. 

‘The screen efficiency graph is not shown normally in 
terms of percentage, but rather in terms of light output. 
in foot-lamberts, For example, let us examine the 
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Fig. 7-11.—The screen 


of a typical phosphor in 
terms of foot-lamberts/sa versus t ting 


Potential. 





simple curve of Fig. 7-11. This curve represents the 
light output per microampere of beam current with 
respect to the applied accelerating voltage at one spe- 
fic value of beam current. You will notice that at 16 
kilovolts, the screen efficiency is found to be about 50 
foot-lamberts per microampere. This means that if the 
beam current for this curve is 10 microamperes, the 
total light output is 50 foot-lamberts. 

Most screen efficiency graphs for any one phosphor 
contain more than one curve, each for a different beam 
current. For any one particular set of bias conditions, 
the beam current is essentially the same, so that for 
different beam currents only the bias voltage of the 
cathode-ray tube is primarily changed. The circum- 
stances under which these curves were obtained are 
also quite important. Information as to the exact size of 
the section of the screen (called the raster) used for 
the light output measurements, the type of instrument 
used, and how it is calibrated, should be given for each 
curve. 

‘Two principal types of screen efficiency curves exist. 
The light output from one is measured with a type of. 
light meter that does not take into account the sensi- 
tivity of the human eye. Such types of curves are nor- 
mally referred to simply as average screen efficiency 
curves. The other type of curve is called the average 
visual screen efficiency and is obtained by means of a 
special-type light meter that is corrected for the sensi- 
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tivity of the human eye. In studying the characteristics 
of the different screens in the next section, both types 
of curves will be illustrated. 


Persistence Characteristic 


The brightness of the screen after the excitation has 
been removed, that is, during phosphorescence, gener- 
ally decreases in a logarithmic or exponential fashion. 
A plot of the brightness also referred to as the bril- 
liance versus the decay time of the phosphorescence is 
termed the persistence characteristic of the screen. The 
brightness, normally given in relative units, is plotted 
as the ordinate or Y-axis on a logarithmic scale, while 
the decay time is plotted on a linear scale along the 
X-axis, 
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7-1 characteristic for 
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In Fig. 7-12 appears a typical persistence character- 
istic, In this curve, decay time is indicated in seconds, 
but it is also sometimes shown in units of milliseconds 
or microseconds. The brightness scale, here given in 
relative units as a percentage of the maximum, can 
also be shown in units of brightness, such as foot- 
lamberts, The curve illustrated applies to a phosphor 
of medium persistence. This curve tells us that after 
about 0,032 seconds (32 milliseconds) the relative 
brightness will have decreased to approximately one 
‘Per cent of the maximum brightness. 


Average Characteristic Curves 

The luminous intensity per unit area of the phosphor 
will vary in accordance with the accelerating potential 
and also the second-anode or intensifier-anode current, 
When the luminous intensity is plotted against this 
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current or voltage, the type of curves that result are 
generally referred to as average phosphor character- 
istics, The luminous intensity is normally chosen as the 
ordinate and calibrated in terms of candlepower per 
‘unit screen area. The abscissa is usually given either in 
terms of second-anode voltage or current. 

Two typical graphs appear in Fig. 7-13. In that at 
(A), the abscissa is in terms of second-anode voltage, 
and in that at (B), it is in terms of second-anode cur- 
rent. In the curve of graph (A), the current per square 
centimeter (the same unit area as used for the Y-axis 
designation) is held constant, and for the curve of 
graph (B), the second-anode voltage is kept constant. 
In practice, a family of curves is usually given in each 
type of graph, with the constant current or voltage 
condition indicated for each curve. It is seen that the 
curve at (A) follows approximately the square-law 
relationship discussed earlier in the theoretical part of 
the chapter. 


Highlight Brightness 
‘The average brightness of a screen for a given sec- 
ond- or third-anode current will vary according to the 
size of the raster from which it is measured and the 
value of accelerating potential used. Some screen 
manufacturers have characteristic curves indicating the 
brightness in terms of such units as foot-lamberts 
versus anode current for a number of different raster 
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Fig, 7-14—Variation in average highlight brightness with 
current for different raster sizes; curves o, b, and. 
‘are in the order of increasing raster size. 


sizes from which the measurements are made. Such 
curves are often referred to as highlight-brightness 
curves. 

In the highlight-brightness graph of Fig. 7-14, three 
curves are drawn. Each curve is for a different size 
raster. The brightness decreases with increase in raster 
size so that curves o, b, and c are for rasters of increas- 
ing size. Such graphs are often used for screens em- 
ployed in television work where the raster size has a 
ratio of 4 to 3, the same as the television aspect ratio. 
As an example, for a second-anode current of 600 
microamperes, the highlight brightness for curves a, b, 
and ¢ of Fig. 7-14 decreases from 88 to 63 to 42 foot- 
lamberts. 


Writing-Speed Characteristics 

Both for visual observation and photographic work, 
the writing speed of different screens is very impor- 
tant, especially for the observation of transient phe- 
nomena and radar displays, such as used in PPI. In 
this section we will discuss writing-speed character- 
istics pertaining to visual observation. 

Fora standard, a sinusoidal signal will be used. The 
writing speed of the beam is directly related to the 
frequency and amplitude of the applied signal, The 
speed of the electron beam, that is, the beam spot, due 
to a sinusoidal applied signal, is not constant, but 
varies, and the greatest speed occurs when the sine 
wave passes through its zero voltage points (i. 
Juseline). The general equation for the velocity v of a 
sine wave is as follows* 

v7 ed cos ut (7-1) 
where A is the peak amplitude of the sine wave and e 
the angular velocity equal to 2v X frequency. Since the 
maximum value the cosine can have is unity (at 0° or 
180°), the magnitude of the maximum velocity Vm is 

V. uA = fA (7-2) 
where f is the frequency. 

The writing speed of the spot is the vector sum of 
the horizontal sweep writing speed and the vertical 
maximum signal writing speed Vg. However, if the 
velocity of the linear time-base signal (ie, the hori- 
zontal sweep) is much smaller than that of the sinu- 
soidal input signal, at least in the ratio of 1 to 10, the 
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NOMOGRAPH RELATING AMPLITUDE, FREQUENCY, AND MAXIMUM 
WRITING SPEEDS FOR SINUSOIDAL TRACES 
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7-15—Alignment chart showing the relation between maximum writing speeds of sinusoidal traces, frequency, 
in metric and English units of measurement. 4 f y, and am- 
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actual writing speed of the beam spot is considered to 
be essentially equal to the maximum writing speed of. 
the sine wave. Let us calculate a few writing speeds on 
this basis. 

Ifa 1-Me sine wave has a peak-to-peak amplitude of 
2 inches (4 7 1 inch) the maximum writing speed Vx 
will be 






x 106 x 1 
628 X 10° inches per second 

or 6.28 inches per microsecond. 
1 а 100-ke sine wave has а peak-to-peak amplitude of 
4 cm (4 = 2 cm), the maximum writing speed V, 
will be 

Va = 2 x 100 x 10° x 2 

= 1.256 x 10° cm per second 

or 1.256 cm per microsecond. 

In Fig. 7-15 appears a nomograph which relates the 
maximum writing speed (here assumed to be equal to 
the actual writing speed /) to the frequency and am- 
plitude of the sinusoidal signal. This chart takes into 
account signal amplitude measurements in either the 
English or metrical systems. If the peak amplitude of 
the sine wave is measured in metric units, the left sides 
of the A and V columns are to be used, and if the 
measurement is in English units, the right sides of the 
A and V columns are to be used. All scales shown are 
logarithmic. This chart is used in a manner similar to 
most nomographs. With the frequency and peak am- 
plitude known, it is a simple matter to determine the 
writing speed. Using a straight edge, line up the fre- 
‘quency of column f with the peak amplitude of column 
A and at the point of intersection in the V column, the 
maximum writing speed can be read off. The two 
dashed lines in Fig. 7-15 indicate the method of deter- 
mining the writing speed for the two previous ex- 
amples where f = 1 Mc, A = 2 inches, and f = 100 kc, 
A = 4 cm. From the V column of Fig. 7-15, the writ- 
ing speeds are immediately seen from the intersections. 
Note how these points check with the calculated values. 
‘The nomograph can be used to find f, V, or A, as long 
as at least two of the quantities are known. 

There are two principal types of graphs in which the 
(maximum) writing speed is utilized. In one type, 
brightness of the screen is plotted against writing 
speeds, and in the other type, persistence is plotted 
against writing speeds. The latter type of graph is used 
‘more often, a typical example of which appears in Fig. 
7-16. This graph, which is a log-log plot, is for a long- 
persistence screen. It is usually plotted on the basis of 
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single sinusoidal transients at some specific amplitude 


and beam current and is useful for only one type of 
phosphor. The conditions under which each of the 
three curves was plotted are the same with the excep- 
tion that each represents a different accelerating poten- 
tial with the potential decreasing from curve a to c. 
The light conditions, upon which such measurements 
are based, are usually also given. 

Although the graph is originally plotted for a spe- 
cific signal amplitude, it can also be used for other sig- 
nal amplitudes. To do this, the writing speed must first 
be determined from the nomograph of Fig. 7-15, or 
from a single calculation of Vw = 2rf4. Once the 
writing speed is known, the persistence time can then 
be established. For instance, for a writing speed of 
0.01 inches per microsecond, we find that, for curve b, 
the persistence is approximately 40 seconds. This 
means that, for the signal input in question, it will be 
40 seconds before the afterglow òr phosphorescence 
will no longer be seen by the average eye. From this 
curve we see that, for slower writing speeds, the per- 
sistence period is longer. 





COMMERCIAL CATHODE-RAY-TUBE 
SCREENS 
Although there is no final accepted standard rela- 
tive to cathode-ray-tube screens, there is nevertheless 
some effort made toward standardization by the manu- 
facturers themselves. For the same P number, you will 
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TABLE | Pnosrnon Rariwes 


Phosphorescence 
Green 





Biue-White 
Blue 


Orange 
wake 
Blue-Green and 
‘Ultraviolet 


PH 


PIS Blue-Green 








Tem dm 
Medium General oscilloscope use, such as for periodic wave- 
form observation. 
General use, primarily suited for sl 
Long Geperal oscilloscope use, primarily low 
Medium General oscilloscope me, for periodie waveform ob- 
Medium Principal use is for television picture tubes, 
Very Short — Principal we in oscillograghy where high-speed pho 
Short Used primarily for color television. 
Very Long Used for observation of slow and medium transient 
phenomena. First used in radar. 
Short ricis vs is for photography but for lever speeds 
Eher efheiency recordingt ihan the PS phosphor. 
Long Primarily wed for rar 
Læg At frst used for radar, but also applicable to slow and 
imei transient phenomena, оет ранне 
Very Short Specifically suitable for high-speed scanning 
menia, sach a4 ‘scanning, because 
very hort near dltavice: foresttne 








find that many manufacturers classify persistence the 
same way into short, medium, or long persistence, and 
list perhaps the same fluorescent color, but the exact 
persistence time, the chemicals used for the phosphor, 
the spectral characteristics, and other factors may 
differ. The information on commercial cathode-ray- 
tube screens to be included in this section is chiefly 
based upon specific screens manufactured by two prin- 
cipal tube manufacturers, namely by Allen B. Du Mont 
Laboratories, Inc, and by Radio Corporation of 
America. 


Phosphor Groupings 


Phosphors for excitation by cathode rays are today 
classified into 15 general groupings, from P1 to P15. 
Some of the phosphors are special types designed dur- 
ing the last war primarily for radar applications, among 
which are the P7, P8, P9, P10, P12, and P13 phos- 
phors. Some of these phosphors are no longer in use. 


‘The chemical of these phosphors has 
not been listed here, since itis of little practical use and 
at the date of writing is somewhat controversial. Dif- 
ferent manufacturers list varying compounds, of which 
some are obsolete and no longer manufactured, while 
the exact composition of others has not been made 
available at all. 

This chart is an over-all cross section of the phos- 
phors as listed by leading manufacturers ; an examina- 
tion of this table will show that the manufacturers 
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themselves do not differ too much as to the funda- 
mental characteristics and uses. In this section, we 
will study the characteristic curves of those phosphors 
used in commercial cathode-ray tubes, including the 
P-, P2, P4, P5, P7, P11, and P1S phosphors. This 
chart can be used for quick comparison between the 
different phosphors, The activator used, if any, is not 
listed in the chart 


Phosphor PI 

This phosphor is one of the most commonly em- 
ployed today for cathode-ray-tube screens. It is used 
for general oscillographic work and is considered to 
have a high visual efficiency. Most oscilloscopes that 
are sold today normally come equipped with cathode- 
ray tubes containing Pl screens, In Fig. 7-17A ap- 
pears the spectral characteristic of a typical P1 phos- 
phor. The conditions under which this curve was taken 
are indicated in the figure, The maximum intensity 
occurs at about 5,225 A, which is approximately in the 
center of the green region of the visible spectrum ; see 
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Courtesy Du Mons Labs. 
7-18.—Average visual screen efficiency characteristic of 
а 


Fig. 7-4. Since the green region extends from about 
4,900 A to 5,500 A, it is seen from Fig. 7-17A that 
most of the spectral characteristics of the Pl screen 
cover this region. In Fig. 7-17B appears another spec- 
tral characteristic of a typical P1 phosphor. This graph 
includes the visual spectral characteristic as well as the 
radiant energy characteristic. Due to the high ratio of 
the areas under each curve, the P1 phosphor is seen to 
have a high luminous or visual efficiency. 

The average visual screen efficiency of a typical Pl 
phosphor for accelerating potentials of 12 kilovolts and 
less is illustrated in Fig. 7-18. The conditions under 
which measurements were made for this graph are 
indicated on the drawing. Four individual curves are 
shown, each for a different beam-current rating. For 
the same accelerating potential, the screen efficiency 
decreases as the beam current increases. For example, 
at 10 kilovolts, the screen efficiency for the 10-a curve 
is about 3.3 foot-lamberts/pa and for the 100-ya curve, 
the screen efficiency is only approximately 2.7 foot- 
lamberts/ya. The amount of light output, however, 
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33 foot- 
lamberts, whereas for the 100-pa curve, it is 270 foot- 
lamberts. The increase in light output is not in the same 
ratio as the increase in beam current. The graph of 
Fig. 7-19 is also a visual screen efficiency character- 
istic for phosphor P1, but it includes much higher 
accelerating voltages. Only the 10-,a, 20-ja, and 50-ра 
curves are included in this graph. From these curves, 
it is seen that the efficiency characteristic of this screen 
is still quite linear even at higher voltages and for a 
fair range of beam current. 
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Fig, 7-20—The persistence characteristic of a typical Pl 
‘phosphor. 


‘The persistence characteristic of a typical P1 phos- 
phor appears in Fig. 7-20. This curve, which is drawn 
оп semilog graph paper, readily indicates the medium 
persistence rating of this phosphor. From the curve, 
‘we notice that the relative brightness has decreased to 
roughly 10 per cent of its maximum value in 20 milli- 
seconds and to about one per cent in 70 milliseconds. 
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Fig. 7-21—Luminous intensity characteristic of P phosphor 
asa function of the accelerating potential. 


The graph of Fig. 7-21 illustrates the luminous in- 
tensity output in candlepower per square centimeter of 
phosphor surface area with respect to the accelerating 
potential (which in this case was the second-anode 
voltage). Each of the four curves shown on this graph 
was plotted for a different average value of second- 
anode current per square centimeter of phosphor area. 
It is seen that for a constant value of second-anode 
current, the candlepower output per unit area in- 
creases with an increase in second-anode voltage. For 
example, using the 5-ра curve we find that, for second- 
anode voltage of 6 kilovolts, the luminous intensity is 
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Fig. 7-22—Luminous intensity characteristic of P1 phosphor 
asa ‘of the second-anode current per square centimeter. 


0.045 candlepower per square centimeter and, at 13 
kilovolts, the lumigous intensity is about 0.163 candle- 
power per square centimeter. 

With the second-anode current per unit area plotted 
against the candlepower per unit area for the same 
phosphor and with the second-anode voltage as the 
parameter, a different set of curves results. A typical 
set of these curves is shown in Fig. 7-22. Examination 
of these curves reveals that, for a given second-anode 
voltage, the luminous intensity output increases with 
an increase in second-anode current. 
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Courtesy Du Mont Labs. 
Fig 7-23—Typical spectral characteristic for P2 phosphor. 


Phosphor P2 

The P2 phosphor has a blue-green fluorescent color 
and a green or yellow-green phosphorescent color with 
a long persistence Because of its long persistence, this 
phosphor 1s chiefly suitable for the observation of 
transient phenomena having medium writing rates. A 
typical spectral characteristic for this phosphor is 
shown in Fig. 7-23. The conditions under which this 
curve was measured are indicated on the drawing. The 
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Fig. 7-24.—Persistence characteristics of typical P2 phosphor 
diferent time intervals. 
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Courtesy Du Mont Labs. 
Fig. 7-25—Short-persistence characteristic of P2 phosphor. 


maximum relative intensity occurs at a wavelength of 
about 5,200 A, which is approximately in the center 
of the green region of the visible spectrum. The rela- 
tive intensity at the lower wavelengths is sufficiently 
high, due to the broad slope and slight hump of the 
characteristic, to impart also a blue fluorescent color. 
‘At 4,600 A the relative intensity is still 40 per cent of. 
maximum, and this wavelength falls approximately in 
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the middle of the blue region of the spectrum. This ex- 
plains the blue-green fluorescent color of this phosphor. 

Some of the blue-green color also persists during the 
time after the excitation voltage is removed, but only 
for a short period. If a suitable filter is placed across 
the face of the tube to filter out the long-persistence 
phosphorescent color (yellow-green), the only after- 
glow that will be present is the short-persistence blue- 
green color. Under such conditions, this screen can 
also be used for general visual observation and photog- 
raphy where a short-persistence screen is required. 

In Fig. 7-24 is a curve illustrating a persistence 
characteristic of a typical P2 phosphor. Because of the 
Jong persistence of this phosphor, the curve is shown 
with the time scale (X-axis) divided into three sec- 
tions. From this curve, we see that after about 0.05 
seconds (50 milliseconds) the relative brilliance has 
decreased to approximately one per cent of maximum 
and after ten seconds the relative brilliance is decreased 
to about 0.02 per cent of maximum. In Fig. 7-25 is a 
persistence characteristic of another typical P2 screen, 
but this characteristic is only for the early part of the 
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decay. From this chart, we see that after about 8,000 
microseconds (8 milliseconds) the brightness has de- 
creased to about 3 per cent of its maximum value. 

The visual screen efficiency of a typical P2 phos- 
phor is indicated in Figs. 7-26 and 7-27. The graph of 
Fig. 7-26 is for accelerating potentials of 12 kilovolts 
and less, while that for Fig. 7-27 includes accelerating 
potentials to 30 kilovolts, Each curve in these draw- 
ings is plotted for a fixed value of beam current. From 
these curves, it is apparent that there is a great drop in 
efficiency with increase in screen current. 

For long-persistence screens, it is generally useful 
to include a graph of writing-speed characteristics. The 
persistence versus writing speed of a typical P2 phos- 
phor is indicated in Fig. 7-28. All curves in this graph 
were plotted under the input condition of 
soidal transients that had a 2-inch peak-to-peak ampli- 
7 tube used to plot this graph was 
a Du Mont type SRP2A and the measured accelerating 
Le., anode number 3, the intensifier 
electrode) was 13 microamperes. The abscissa or 
X-axis is calibrated in frequency (cycles per second) 














as well as writing speeds (inches per microsecond). 
The frequency and writing-rate scales line up as shown 
in the graph only for the case of a 2-inch peak-to-peak 
amplitude. For this signal amplitude, the persistence 
and writing specds can be determined directly from 
the graph for any frequency. For other values of am- 
plitude, the nomograph of Fig. 7-15 would have to be 
used to determine the writing speed at any one fre- 
quency. Once this writing speed is known, the per- 
(ence can be taken from the graph, all other things 
being the same. 

You will notice that four curves are shown in Fig. 
7-28, each for a different combination of accelerating 
potential in kilovolts (third-anode voltage) and am- 
bient light conditions in foot-candles. By ambient light, 
we mean the light level surrounding the cathode-ray 
tube. From these curves we see that for an increase in 
ambient light (in this case from no ambient light or 
complete darkness to 0.1 foot-candles of light) the per- 
sistence time for any given writing speed decreases. It 
is also seen that for a given ambient light level, the 
persistence time increases with increase in accelerating 
potential. 
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At a writing speed of 0.01 inch per microsecond, at 
no ambient light, the persistence of this phosphor at 
16,000 volts accelerating potential is about 1,000 sec- 
onds, whereas at 3,000 volts it is about 250 seconds, a 
difference oí 750 seconds, or a 75 per cent reduction in. 
persistence. With some ambient light, the percentage 
decrease for the same accelerating potentials is even 
more pronounced. At an ambient light of 0.1 foot- 
candles and a writing speed of 0.01 inches per second, 
the persistence for a 16,000-volt accelerating potential 
will be about 37 seconds, whereas for 3,000 volts the 
persistence time is about 3.5 seconds, a difference of 
33.5 seconds or about a 90 per cent reduction in time. 
‘The graph can also be used the other way, that is, for 
a desired persistence, the required writing speed under 
different conditions of accelerating potential and am- 
bient light can be determined. Whatever the case may 
be, it is evident from these graphs that, for increasing 
writing speed, the persistence decreases. 


Phosphor P4 

The I4 phosphor is employed primarily in television 
picture tubes, It has a white fluorescence and phos- 
phorescence with a medium persistence. White light 
is not an individual color but is a mixture of various 
colors in the visible spectrum. This is evident from a 
typical spectral characteristic of a P4 phosphor, as 
shown in Fig. 7-29. In order to cover most of the spec- 
trum, the curve has to be made quite broad. To accom- 
plish this, more than one phosphor is usually employed 
‘as the screen material, each having a different spectral 
characteristic, The combination of these individual 





characteristics produces the desired curve, similar to 
that of Fig. 7-29. From this curve itis seen that there 
is enough relative energy from wavelengths as low as 
4,200 A to wavelengths as high as 6,600 A to cover all 
the colors of the spectrum. 
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7-30.—Average visual screen efficiency of a P4 phosphor 
asa function of accelerating potential. 


The average visual screen efficiency characteristic 
of a typical P4 screen for a number of different beam 
currents is illustrated in Fig. 7-30. This graph is for 
accelerating potentials of 12 kilovolts and less. The 
brightness is, of course, greater for higher beam cur- 
rents, but again the efficiency decreases with increasing. 
beam current. 

The visual highlight brightness characteristics of a 
typical P4 phosphor for different values of accelerating 
potential and for three varying raster sizes are indi- 
cated in Fig. 7-31A, B, and C. The different accelerat- 
ing potentials used are 10,000, 12,000, and 15,000 volts, 
respectively, as indicated on the graphs. The dimen- 
sions (in inches) of the three different size rasters used 
are also indicated on the graphs; they may be taken to 
represent different screen sizes of television receivers. 
From these graphs, we immediately see that, as the 

tam dun Me tk ie 
increases for any one curve (ie, at any raster size) 
and any given value of anode current. It is also evident 
that as the size of the raster increases, the highlight 
brightness for any one value of anode current de- 
creases, 
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AVERAGE CHARACTERISTICS OF PHOSPHOR Na4 
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Fig. 7-34.—Spectral characteristic of а typical PS phosphor. 





appear in Figs. 7-32 and 7-33. The curves of Fig. 7-32 
show luminous intensity in candlepower per square 
centimeter versus the accelerating potential (in this 
case the second-anode voltage) for different values of 
second-anode current per unit screen area. The ab- 
sicissa of the graph in Fig. 7-33 is the second-anode 
current per square centimeter and the changing param- 
eter is the second-anode voltage. 
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7-35.—Persistence characteristic of a PS a 
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Phosphor PS 


‘The PS phosphor has a blue fluorescence and a very 
short persistence. This latter feature makes this phos- 
phor suitable for photographic recording even when 
the film is moving at very high speeds. The spectral 
characteristic of a typical PS phosphor is shown in Fig. 
7-34. Since the blue part of the visible spectrum ex- 
tends from about 4,300 A to 4,900 A, it is readily evi- 
dent from this spectral characteristic of the PS phos- 
phor that blue will be the prominent fluorescent color. 

The very short persistence of this phosphor is best 
characterized by the graph of Fig. 7-35. From this 
graph, we see that for the particular PS phosphor for 
it was plotted, after about 17.5 microseconds, 
the relative brightness has already decreased to 10 per 
cent of its maximum value, and in double that time, 
that is, in about 35 microseconds, the brightness will 
have decreased to one per cent. 

In Fig. 7-36 appear two screen efficiency curves, 
plotted for accelerating potentials under 12 kilovolts. 
‘That at (A) gives the average visual screen efficiency, 
measured with a photoelectric meter which is corrected 
for the eye, while part (H) does not have any eye cor- 
rection, From these two graphs, we can readily sce 
that the comparative screen efficiency with eye correc- 
tion is much less than that without eye correction. For 
example, for the 10-ya curve at a potential of 12 kilo- 
volts, the visual screen efficiency, from graph (A), is 
0.235 foot-lamberts/pa, whereas for the same curve 
without eye correction, from graph (B), the efficiency 
i5 0.635 foot-lamberts/ya. In terms of percentage, there 
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is less of a drop in screen efficiency at the higher accel- 
erating potentials, as the beam current is decreased, 
for the graph with eye correction than there is for the 
graph without eye correction, For example, for the 
10-pa and 100-a curves, at 12 kilovolts, the visual 
screen efficiency of graph (A) decreases from 0.235 
to 0.197 foot-lamberts/ya, or approximately 16 per 
cent, whereas for graph (B) the screen efficiency de- 
creases from 0.635 to 0.485 foot-lamberts/pa, or about 
31 per cent. 

Fig. 7-37 gives the average characteristic of lumi- 
nous intensity in millicandlepower per square cent 
meter versus the second-anode voltage (accelerating 
potential) of a typical PS phosphor. Each curve is for 
a specific value of second-anode current per unit screen 
arca as indicated. Note that the luminous intensity for 
this type of phosphor is lower than that of the previous 
phosphors for the same voltage and current ratings. 
The curves of Fig. 7-38 are average characteristics of 
luminous intensity versus second-anode current 
square centimeter of screen area, Each curve in th 
graph is based on a different second-anode voltage. 


Phosphor P7 


‘The P7 phosphor is a cascaded screen of very long 
persistence. Its uses are similar to that of the P2 screen 
except that the persistence of the 7 screen is some- 
what longer. The fluorescent and phosphorescent color 
of the P7 screen may vary somewhat according to what 
is the exact chemical makeup as produced by the di 
ferent manufacturers. Most P7 screens have a blui 
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fluorescent color and a yellowish or greenish-yellow 
phosphorescent color. After excitation, the bluish 
color persists for only a short interval of time. 

To indicate how spectral characteristics of this phos- 
phor may vary with different manufacturers, the two 
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different P7 spectral characteristics are included here. 
Fig. 7-39 shows the spectral characteristic for the P7 
phosphor manufactured by RCA. Note that two peaks 
exist in this curve, but that maximum sensitivity oc- 
curs at about 4,300 A, in the blue region of the spec- 
trum, while the other peak, which is about 77 per cent 
‘of maximum energy. occurs at a wavelength of about 
5,600 A in the yellow region of the spectrum. Curve a 
in Fig. 7-40 is the spectral characteristic of the P7 
screen manufactured by Du Mont. The two peaks oc- 
cur in approximately the same region of the spectrum 
as in Fig. 7-39, but for curve a of Fig. 7-40, the maxi- 
mum intensity occurs at the second peak (yellow part 
of the spectrum), rather than at the first peak. The re- 
sultant fluorescence as stated by each manufacturer is, 
however, the same bluish color. 








Courter Du Mont Labe. 
Fig. 7-40—Spectral energy characteristic of the Du Mont 
phosphor with anû without yellow fiter ; compare this char- 

‘ne shown in Fig. 7-99 for an RCA type P7 
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Fig. 7-4l.—Typical persistence characteristic of a P7 phosphor. 


Curve b of Fig. 7-40 is the resulting spectral char- 
acteristic of the Du Mont P7 phosphor when a yellow 
filter is used. Note that by use of this filter the light of 
lower wavelengths, 5,000 A and below, is cut out. The 
reverse effect can be had if a blue filter is used instead 
of the yellow one. 

An average persistence characteristic of a typical P7 
phosphor appears in Fig. 7-41. It is log-log plot (that 
is, both scales are logarithmic), with the ordinate or 
Y-axis calibrated in brightness values of millifoot- 
lamberts, The conditions under which this graph was 
plotted are indicated on the drawing. The relative 
brightness for the later stages of decay time of this 
phosphor, for somewhat different conditions of opera- 
tion than those indicated in Fig. 7-41, is plotted in Fig. 
7-42. Although only three individual curves are shown 
in this latter graph, note that two other curves for 
other stipulated conditions, would fall midway between 
curves 1 and 2, and 2 and 3, respectively. 

‘The writing-rate characteristic for the Du Mont P7 
phosphor for the same accelerating voltage and ambient 
light conditions, as previously shown in Fig. 7-28 for 
the P2 screen, appears in Fig. 7-43, with the exception, 
of course, that a SRP7A tube is used. Both the graph 
of Fig. 7-28 and that of Fig. 7-43 are plotted to the 
same scales. 
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Fig. 7-42. Typical persistence characteristic of a P7 phos- 
phor 'under various conditions of final anode voltage. У 


Phosphor P11 

The P11 phosphor is similar to the PS phosphor, 
having a blue fluorescence and a short persistence. It 
is also useful for photographic work, but, having a 
somewhat higher persistence than the PS phosphor, it 
cannot be used at very high film speeds. The P11 phos- 
phor has a high brightness characteristic. A typical 
spectral characteristic of a P11 phosphor appears іп 
Fig. 7-44 for a fixed accelerating voltage and beam 
current per unit area. It is seen that the highest inten- 
sity occurs at wavelengths well within the blue region 
of the visible spectrum. 
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Fig. 7-43.—Writing-rate characteristics for the Du Mont P7 phosphor, using а SRP7A tube, Courtesy Du Mont Labs. 


A typical persistence characteristic of the P11 phos- 
phor appears in Fig. 7-45, This characteristic is a log- 
log plot of relative brightness versus time in milli- 
seconds. Comparison between this persistence char- 
acteristic and that for phosphor PS (see Fig. 7-35) 
will readily show that the PS phosphor has a consid- 
erably shorter persistence than the P11 phosphor. 
From Fig. 7-35, we see that after about 40 microsec- 
onds, the relative brightness will have decreased to less 
than one per cent of the maximum brightness, whereas 
for phosphor P11, Fig. 7-45, at 40 microseconds (that 
is, at 0.04 millisecond), the relative brightness has 
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Fig. 7-44.—Typical spectral characteristic of a P11 phosphor. 








Fig. 7-45— Typical persistence characteristic of a Pll 
phosphor. H 
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; (A) and (B) are for low accelerating voltages, 


with (A) taking into account eye correction; (C) and (D) are for high acceleration voltages, with (C) taking into account eye 
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only decreased to about 70 per cent of its maximum 
value. For phosphor P11, it will take about 1.1 milli- 
seconds (1,100 microseconds) before the relative 
brightness will have decreased to one per cent of 
maximum, 

A series of average screen-efficiency characteristics 
for a typical P11 phosphor is illustrated in Fig. 7-46. 
Graphs (A) and (B) are for low accelerating voltages 
(below 12 kilovolts) and graphs (C) and (D) are for 
higher accelerating voltages, to about 30 kilovolts. 
From the conditions under which each graph has been 
plotted, you will note that graphs (A) and (C) are 
for average visual screen efficiencies, that is, they take. 
into account eye correction, while graphs (B) and (D) 
do not correct for the response of the human eye. As in. 
the previous average screen-efficiency curves, the vis- 
ual efficiency is much less than the uncorrected effi- 
ciency. 


Phosphor P15 

The P15 phosphor is a relatively new screen mate- 
rial as compared to the other phosphors. This phosphor 
has a very short persistence and fluoresces blue-green 
d near ultraviolet, The latter region, of course, is not 
visible. The fluorescent characteristics of a typical P15 
phosphor appear in Fig. 7-47, Note that there are two 
peaks in this curve, the higher peak (maximum en- 
ergy) occurring at a wavelength of about 3,900 A, and 
the smaller peak (at 78 per cent of maximum energy) 
occurring at about 5,000 A. The trough between the 
two peaks occurs at 4,300 A, which is the upper wave- 
length end of the violet part of the spectrum. The spec- 
tral bandwidth about the first peak, for radiant energy 
about 12 per cent of maximum, extends between 3,700 
А to 4,300 A, which is within the ultraviolet and violet 
part of the spectrum. Since wavelengths around 4,000 
A are practically nonvisible, only am infinitesimal 
amount of visible light is contributed by this part of 
the spectral characteristic. The remainder of the spec- 
tral characteristic falls primarily in the blue and green 
regions of the spectrum, which is the fluorescent and 
phosphorescent color of the phosphor. 

‘As mentioned, the over-all persistence of this screen 
is very short, but the violet and ultraviolet part of the 
‘energy has an even shorter persistence than the blue- 
green portion of the spectrum. This extremely short 
persistence of the violet and ultraviolet light makes the 
phosphor suitable for high-speed scanning require- 
‘ments. In fact, the P15 phosphor is used in flying-spot 
cathode-ray tubes (such as RCA type SWPIS, ex- 
plained in Chapter 21), where the violet and ultraviolet 
radiation is primarily used. By restricting operation to 
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Fig, 7-47.—Spectral characteristic of a P1S phosphor. 


this radiation, blurring or trailing in the reproduced 
picture is reduced a great deal. 


‘Comparison of Phosphors 

It is often desirable to compare different screens by 
plotting the same characteristics of each screen on one 
graph. Some of the characteristics which are often 
compared are the persistence, writing rate, and screen 
efficiency. In this section, we will illustrate a few of 
these graphs which have been published in different 
periodicals. For further comparative information about 
these phosphors, it is suggested that the bibliography 
be consulted. 





Comparison of Persistence Characteristics 

The graph of Fig. 7-48 compares the persistence 
characteristics of P1, P2, and P5 type phosphors which 
have medium-, long-, and short-persistence ratings, 
respectively.* The graph is a plot of relative brilliance 
on a logarithmic scale to decay time in seconds on a 
linear scale. From this graph, curve C, which is for 

кд B, and Kaufman, H. W., "Luminescent mate- 


riale Por ipte se tes? Pro TRE, vol. 23, p. 1829, No- 
vember, 1935. * 
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Fig. 748—Comparison of persistence characteristics; carve 
fet, Pl phosphor, curve B for P phosphor, and curve C or 


phosphor PS, appears to decrease to one per cent of 
maximum brilliance in zero time. Actually this de- 
crease, as noted on the graph, occurs in about 30 micro- 
seconds (0.00003 seconds), but it cannot be accurately 
plotted on the time scale used. The long-persistence 
characteristic of the P2 screen first becomes evident 
after about 0.0005 seconds, since the relative brilliance 
of the curve decreases very slowly after this time. 


Comparison of Average Light Output 
‘The graph of Fig. 7-49 compares the light output, 
calibrated in foot-lamberts, of a Pl and a P2 screen at 
different values of accelerating potential.” Both curves 
were plotted under the same conditions, that is, a 30- 
line, 2- by 2-inch raster was used in each type screen 
the beam current was 10 a, and the curves are co 
rected for visual observation. Du Mont types SRPIA 
and SRP2A cathode-ray tubes were used for the plot 
of these curves. The cross-over point between the two 
curves that occurs at low voltages is shown in enlarged 
form in the upper left-hand corner of the drawing. 
‘Comparison of these two curves at high accelerating 
potentials tells us that the P2 screen has a greater light 
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Fig. 7-49—Comparison of light output of a PI and P2 screen. 





output than the P1 screen. For example, at 20 kv, the 
P2 screen has an output of 72 foot-lamberts, whereas. 
the P1 has an output of 58 foot-lamberts, a difference 
of 14 foot-lamberts. At 2.5 ky, the light output from 
both screens is about the same, approximately 5.5 foot- 
lamberts. Below 2.5 ky, the Pl screen has a greater 
light output. Remember, however, that the P1 screen 
has a medium persistence, and that the P2 screen has 
a long persistence. 


Comparison of Screen Efficiencies 

While on the subject of comparing P1 and P2 phos- 
phors, let us compare their screen efficiencies (in foot- 
lamberts/ua) with respect to the frequency of the ap- 
plied signal. This graph is illustrated in Fig. 7-50. The 
intensifier-electrode voltage for the SRP tubes used 
was 30 kv and its current drain was 75 pa. The second- 
anode voltage was 4.5 kv. A two-cycle pattern meas- 
uring 4 by 4 cm was used for the measurement. This 

















Coury De Mont La 
Fig. 7-50.—Comparison of screen efficiencies of a Pl and Р2 
phosphor. 
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Fig. 7-51.— Comparison of the writing-rate characteristics of SLPZ and SLP7 cathode-ray tubes, beam current of 10 ja. 


graph tells us that, for increasing signal frequencies, 
the screen efficiency of the P2 phosphor will increase 
ata greater rate than that of the P1 phosphor. 


Comparison of Persistence versus 
Writing-Speed Characteristics 

The writing-speed characteristic of long-persistence 
screens is very useful. Comparison of these character- 
for long-persistence screens is helpful in deter- 
mining which one is best suited for the study of single 
transient phenomena, Two graphs will be studied here, 
both comparing the P2 and P7 long-persistence 
screens. All curves to be illustrated are plots of actual 
experiments. 

The graph of Fig. 7-51 illustrates the writing-rate 
characteristics at the low accelerating potential of 1,100 
volts.* A SLP2and a SLP7 cathode-ray tube were used 
ina Du Mont type 208-B oscilloscope for the tests. The 
same signal amplitude (2 cm peak-to-peak) and beam 
current (10 ja) were used for all curves. The upper 
two curves were measured in total darkness, whereas 
the two bottom curvés were measured under an am- 
bient light condition of O.l foot-candles. For fre- 
quencies above about 35 cps, the cross-over point, the 
P2 phosphor for either light condition, has a longer 
persistence than the P7 at any one frequency or writing 
rate, Below 35 cps, or below a writing speed of about 2 
meters per second, the P7 phosphor is somewhat su- 
perio: 


айу The Oucllogrpher, wal Tl рр. £3. April Jus. [3 











The other graph appears in Fig. 7-52. Eight differ- 
‘ent curves appear on this graph. Each is measured for 
a 2-cm peak-to-peak signal amplitude and a beam cur- 
rent of 13 ya. A SRP2 and a SRP7 cathode-ray tube 
were used for this experiment, The four curves start- 
ing at the upper part of the persistence scale were 
measured in total darkness, and the bottom four curves 
were measured with the ambient light being 0.1 foot- 
candles. These curves are for higher accelerating po- 
tentials than those shown in Fig. 7-51. In each group 
of four curves, two were plotted with an accelerating 
potential of 3,000 volts (intensifier electrode), and the 
other two at a potential of 16,000 volts. 

From this latter graph, as well as from the previous 
one, we find that the ambient light conditions greatly 
influence the persistence of the phosphors. From Fig. 
7-52, it is evident that at higher accelerating poten- 
tials, the persistence of the P2 screen is lower than that 
of the P7 at low frequencies, while it becomes greater 
than that of the P7 screen at considerably higher fre- 
quencies. For example, in total darkness, the P7 screen 
at 16,000 volts has a longer persistence than the P2 
screen for all frequencies up to 100 ke, but at 3,000 
volts and the same light conditions, the persistence of 
the P7 screen is greater only for frequencies up to 
2,500 eps. This is immediately evident from the cross- 
over points of the upper group of curves. For ambient 
light conditions of 0.1 foot-candles, however, the cross- 
over points for accelerating potentials of 16,000 and 
3,000 volts occur at frequencies of about 26 and 1.7 kc, 
respectively, This means that the P2 phosphor has a 
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Fig. 7-52—Comparison of the writing-rate characteristics of SRP2 and SRP7 cathode-ray tubes, beam current of 13 pa. 


longer persistence than the P7 phosphor at frequencies 
higher than those for the same conditions of operation. 

A general over-all comparison of the P2 and P7 
phosphors for the observation of single transients 
shows that the P2 phosphor has a better persistence at 
higher frequencies, whereas the P7 phosphor has a 





"SPECIAL PURPOSE SCREENS 
Production of television picture tubes having im- 
proved brightness and contrast is one primary aim of 
cathode-ray-tube manufacturers. To accomplish this 
and other goals, manufacturers concentrate their ef- 
forts on improving the screens of cathode-ray tubes. 
In this section, we will study some of these special 
screens, including metal-backed screens, "black" or 
"dark" faced tubes, and the "skiatron"" or "dark-trace" 
screen phosphor. 


Metal-Backed Screens 

The following information on metal-backed screens 
is reprinted from the reference article listed in the foot- 
note? We refer to this article because we believe it 


see D Mickel шекел reta RC Revs vol 


7, pp. 5-10, March, 1946. 


contains all the information necessary to explain how 
and why metal-backed screens help produce better 
light output. 

"One of the outstanding quests in the cathode-ray- 
tube field has been the search for means of increasing 
the brightness of the pictures on the face of the tube. 
Previous methods consisted primarily of efforts to in- 
crease beam power—that is, raising the voltage and 
increasing the current by improvements in electron 
optics—as well as a search for luminescent mate 
with greater efficiency in converting beam power into 
light. The most recent step in increasing light output 
is the application of a light-reflecting metallic layer on 
the beam side of the fluorescent sereen. 

“Many practical tubes with metallic layers on the 
screens were built and used as far back as 1940, How- 
ever, these tubes were limited to high-voltage opera- 
tion and the metallic layers did not possess the light- 
reflecting properties which characterize the new metal 
films. The advantages of having a thin reflecting layer 
have long been anticipated and, to a limited extent, 
observed in the laboratory. It is only recently, however, 
that methods have been developed which will make 
such tubes possible and practical. 

“Before showing how this is accomplished, it is 
worthwhile to review briefly the pertinent part of the 
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Fig, 7-53.— Conve.itional kinescope showing typical distribu- 
tion of light from a spot. 


state of affairs at the luminescent screen in a conven- 
tional kinescope. This is shown schematically in Fig. 
7-53. The region in the circle is a greatly magnified 
and somewhat distorted diagram of a small section of 
the tube face of which one element is fuorescing. Gen- 
rally, at least 50 per cent of the light generated in the 
screen is emitted towards the electron gun in the tube. 
Another 15-25 per cent is lost by total internal reflec- 
tion in the glass of the tube face. Thus only about 25-35 
per cent of the total light generated is emitted in the 
forward direction to constitute the useful light output 
of the tube. It should also be pointed out here that some 
of the wasted light is harmful in that it is scattered 
back onto the screen to set a limit on possible contrast 
in the picture. There are several mechanisms for this. 
One is the back-scattering of the light which strikes the 
inside walls of the tube; although the light is largely 
absorbed by the blackening on the wall, some of it 
comes back to the screen. Another is the light from 
‘one portion of the screen which can illuminate other 
regions directly because of the curvature of the face. 
Some of the totally reflected trapped light in the glass 
is reflected back onto the screen and is scattered caus- 
ing what is known as halation. 

““Fig. 7-54 shows a tube whose screen is covered with 
an electron-pervious, but light-reflecting, metallic 
layer, Now it is seen that the light which previously 
would go toward: the rear (electron gun) is reflected 
forward into the direction of viewing. Thus without 
an increase of light generated, the efficiency of conver- 
sion of electron beam power into useful light has been 
increased. At the same time, some of the limitations on 
contrast have been removed, that is, the back-reflected 
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light and the effects due to curvature of the face. Ex- 
periments show that the large area contrast is consid- 
erably improved by a factor of three to ten times; the 
detail contrast, being primarily limited by halation, 
only slightly improved, 

“The properties which this metallic layer should 
possess are: (1) it should be thin enough and of the 
right kind of metal to cause negligible absorption of 
the electron beam at the desired operating voltages ; 
(2) it should be opaque, relatively smooth, and highly 
light-reflecting, so as to act as a mirror; (3) it should 
have sufficient conductivity to conduct the full beam 
current ; (4) it should be strong enough to withstand. 
the stresses due to effect of the focused electron beam ; 
(5) it should be durable enough to be able to withstand 
the necessary subsequent processing oí the tube; and 
(6) it should be of a metal that will not chemically re- 
act with the luminescent screen material. 

“The metal chosen to work with is aluminum, be- 
cause it combines properties which provide the best 
compromise in meeting the above conditions, It 
easily applied by evaporation and does not affect 
nescent screens, Its ability to meet condition (1) is in- 
dicated in Fig. 7-55 where there are shown a group of 
calculated curves giving the fraction of electron beam 
power that is passed by films of various thicknesses as 
a function of the initial beam voltage. It will be noticed 
that a 10,000-volt beam will retain only 15 per cent of 
its incident energy on passing through an aluminum 
film 5,000 A thick. A film 2,000 A thick will pass 57 
per cent and a film 1,000 A will pass about 77 per cent 
of the energy. If we assume that the effect of the mirror 
is to double the apparent brightness, then it is evident 
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that a tube operating at 10,000 volts and with a film 
about 3,000 A thick will show no difference from an 
uunaluminized standard tube at the same voltage. It 
should be noticed, however, that a moderate increase 
in voltage causes a rapid decrease in percentage loss of 
beam energy in the film. Experience has indicated that 
the most useful range of flm thickness is between 500 
Aand 5,000 A. 

“In order for the film to be relatively smooth and 
mirror like (condition 2), it has been found possible 
to cover the fluorescent screen with a thin film of or- 
{ganic material stretched over the crystals like a blanket. 
‘This provides a smooth surface upon which the alu- 
‘minum can be evaporated. If such an intermediate film 
is not present, the aluminum will be broken up on evap- 
oration so that it will not have its reflecting properties 
‘nor will it be continuous and conducting in the thick- 
nesses necessary for low voltage operation. In order to 
obtain conductivity without the organic film it would 
be necessary to evaporate five to ten times as much 
aluminum as is now necessary. This is why previous 
metallized screen tubes were restricted to high voltage 
operation. S 

"These earlier tubes were aluminized in order to 
avoid undesirable effects due to poor secondary emis- 


sion from the screen. It can readily be shown that if 
one tries to operate tubes at a voltage such that the 
secondary emission ratio from the screen (ratio of sec- 
ondary electrons to primary electrons) is less than one 
to one, the screen will accumulate sufficient charge to 
slow up approaching electruns to a velocity at which 
the secondary emission is unity. This means that the 
screen is effectively operating at a voltage that may be 
considerably less than that applied to the tube. This is. 
known as the “sticking” effect and is almost entirely 
corrected by providing a conducting layer over the 
screen. The new method of providing an aluminum 
film makes possible the correction of the effects due to 
secondary emission difficulties in tubes operating in 
the voltage range in which kinescopes are now oper- 
ated. Thus the choice of luminescent materials for the 
screen is enlarged and improved techniques for apply- 
ing these screens to the tube face are made available, 

“This aluminum film also provides a new line of 
attack on the old television tube problem of ion spot. 
Tons can be completely stopped by a film of aluminum 
that will readily pass electrons. Experience with tubes 
in the laboratory has shown that, with the right set of 
conditions such as proper aluminum thickness and rea~ 
sonably low gas pressure, tubes can be made which will. 
show no ion spot at normal operating voltages. 
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Fig. 7-56— Variation of eficiency with applied voltage of 
12-inch tubes, one aluminized. 


182 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


“Among other advantages of the aluminum film are 
the protection of the phosphor during processing and 
life, and the improvement of the stability of the pattern 
with regard to displacement due to surface leakages on 
the face of the tube such as are produced if one touches 
the face of an operating kinescope. 

"Fig. 7-56 gives the efficiency in candle power per 
watt as a function of applied voltage and at a fixed 
beam current obtained for two laboratory-made 12- 
inch tubes, identical except that one was aluminized. 
‘These curves are typical of measurements made on a 
number of tubes. It is to be noted that at the lower 
voltages the unaluminized tube has the higher effi- 
ciency whereas above the cross-over voltage the alu- 
minized tube has the higher efficiency. The cross-over 
voltage which is controlled by the aluminum thickness 
is primarily dictated by such considerations as oper- 
ating voltage and ion spot elimination. As seen from 
Fig. 7-56, the increase in efficiency above the cross- 
over voltage is quite considerable; for luminescent 
screens with poor secondary emission characteristics, 
the gain may be considerably greater than that shown 
on the figure.” 





DarkFaced Tubes 


One of the biggest problems in television picture 
tubes is the attainment of proper brightness and con- 
trast to satisfy the viewer. With ordinary picture tubes, 
the viewer sees the screen through the glass face of the 
tube as a light surface having a whitish appearance. In 
the reproduction of a picture, the electron beam when 
it strikes the screen causes radiant energy to be re- 
leased, and hence light output results. This means that 
those sections of the screen that are hit by the beam 
produce the light output, whereas the remaining sec- 
tions of the screen act as background. For a good pic- 
ture, that is, for proper contrast, the background 
should be dark compared to the brightened portions. 
‘The background can never be darker than the normal 
appearance of the screen when it is not luminescent. 

Since the dark portions or the background of the 
picture have a light shade which cannot be made 
darker, the brighthess of the illuminated portions of 
the screen has to be increased to improve the contrast. 
The need for excellent contrast is pronounced when 
small details of the picture are to be observed or when 
there is a high ambient light level which will cause an 
effective reduction in light output from the tube. An- 
other factor which causes loss of contrast is halation, 
that is, light which is reflected back to the screen from 
the inside face of the tube. Special filters of various 
types have been used in the past to help increase con- 


trast, primarily by eliminating the glare caused by 
high ambient-light conditions. 

Ifa filter could be designed whereby the loss in con- 
trast due to high ambient light and halation can be 
diminished, while at the same time darkening the ap- 
pearance of the face of the tube, we would have an ex- 
cellent means of increasing the contrast without having 
to increase the brightness. Today such systems do 
exist which, though differing in construction and de- 
sign, all essentially increase the contrast of the tube. 
Picture tubes that employ any one of these designs are 
known by various names, among which the "black" 
tube and “dark-face” tubes are common. Other names, 
generally trademarks, are applied to specific designs, 

One of the first designs used to accomplish this effect. 
was a special glass that possessed many properties de- 
sirable for use as the face of the picture tube. Metal- 
type cathode-ray-tube construction was used, with the 
exception of the face of the tube. The glass was light 
absorbing and appeared much darker than ordinary 
tubes. Therefore, by virtue of these qualities, the high 
ambient light will be partially absorbed, and halation 
is reduced, as well as the useful rays producing the de- 
sired light output. 

It may be asked at this point how beneficial such a 
glass can be, since some of the useful rays themselves 
are lost. From the previous discussion on metal-backed 
screens, we remember that 15 to 25 per cent of the total 
light output produced is lost due to internal reflections 
in the glass face (i.e. halation), and that only about 25 
to 35 per cent of the total light is useful. Comparing 
these two figures, we see that the useful light output is 
only about 10 per cent higher than that causing hala- 
tion. Now, if we reduce halation by twice as much as 
we reduce the useful light, the ratio of useful light to 
halation will be considerably improved, resulting in 
better contrast. It is easily seen that the light causing 
halation has to travel through the light-absorbing glass 
twice, once in the forward direction and then back to 
the screen (after reflection), while the useful light 
passes through the glass only once. Hence, the light 
causing halation is reduced twice as much as the useful 
light. The result is an over-all effective gain in useful 
light output without recourse to increased brightness. 
The dark appearance of the tube face further improves 
the contrast, because the light portions appear brighter 
against a darker background. 

Another method of improving the contrast employs. 
a special crystalline material, which is very finely 
coated over the outside face of the tube. This crystal- 
line material is polarized and later covered with a pro- 
tective coating. As far as is known, this type of tubé 
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primarily reduces glare and hence loss of contrast due 
to ambient light. 


Tho Skiatron 


The Scophony Corporation of America has pro- 
duced a special projection tube called the Skiatron, 
employing a new type of crystalline screen material 
which produces a dark trace when bombarded by elec- 
trons. Our interest in this chapter is in the screen mate- 
further information about the tube can be found 
in Chapter 21. 

Some translucent substances, primarily alkali halide 
crystals, have the property of becoming dark or opaque. 
when bombarded by electrons. When such a crystalline. 
material is bombarded, some of the electrons are dis- 
placed from the halides and absorb light at their char- 
acteristic frequencies, producing a dark pattern on the 








originally translucent crystal layer. When a picture is 
reproduced, it will appear upon the screen the same 
way as an ordinary film negative, In other words, the 
final picture will have dark traces against a light back- 
ground. The greater the number of electrons falling in 
any one given area, the darker will be that portion of 
the screen ; those portions of the screen not hit by elec- 
trons will allow light to pass and hence appear as bright 
background. If a few electrons fall upon a particular 
point or section of the screen, this section will take on 
some shade of gray. 

These screers have been primarily designed for pro- 
jection television systems. An interesting feature of the 
screens is their memory characteristic, that is, they 
have a relatively long persistence of the dark trace, 
which limits contrast and attainable “brightness ;” this 
characteristic makes Skiatrons very useful as PPI 
radar indicators. 





CHAPTER 8 
SPOT DISPLACEMENT 


Now that we know the function of the different parts 
of the cathode-ray tube, we are ready to examine the 
motion of the electron beam in terms of the movement 
of the luminous spot which it develops on the screen. 
Up to this point, our discussion of the beam motion was 
general, being nothing more than an analysis of the de- 
flection forces and the significance of vertical and hori- 
zontal motion of the beam. 

Inasmuch as the operation of the cathode-ray tube in. 

an oscilloscope or in other types of equipment may re- 
quire the movement of the spot across all parts of the 
screen, it is interesting to analyze the relationship be- 
tween the deflection forces, the spot movement on the 
screen, and the screen surface. At this time, we are not 
concerned with the development of any specific type of 
trace on the screen. That will come later, in subsequent 
chapters; right now we want to look at the details 
which describe where the spot can be placed on the 
screen, 
You understand by this time that whatever the na- 
ture of the trace on the tube screen, it is the result of 
the motion of a small luminous spot. You also know 
that the time allowed for the electron beam to strike a. 
single point on the screen surface determines the lu- 
minosity of the spot developed at that point, assuming 
constant values of operating potential. So, in this chap- 
ter, we shall disregard these details and assume a spot 
of constant density. 


The Undeflected Spot 


By all normal reasoning, one would expect that 
when deflection forces are absent in a cathode-ray tube, 
although the electron beam is present, the normal posi 
tion of the spot would be the midpoint of the screen, 
as in Fig, 8-1. If this were a magnetic-type cathode- 
ray tube, the same aormally would be true when cur- 
rent was absent from the deflection coils. 

Although this is the desired condition, it can also be 
viewed as being the ideal condition. By this we mean 
that, by and large, the undeflected position of the spot 
seldom is at the geometric center of the screen. It must 
be deliberately positioned there by some means. The 
tolerances used in cathode-ray-tube manufacture are 
of necessity such that satisfactory performance of the 
gun system is accepted as being within a prescribed dis- 
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tance from the exact center of the tube. This was re- 
ferred to earlier in this text and is repeated here be- 
‘cause of other related matters which demand associa- 
tion. So, when we see the undeflected spot at the exact. 
center of the screen, it has been placed there. A cen- 
tered spot is a rarity without such special positioning 
Circuits; the usual position would be somewhere within 
a one-inch radius around the screen center. 

The fact that the spot must be positioned at the cen- 
ter of the screen does not in any way reflect on the qual- 
ity of the tube. Having once been placed there, it will 
returt to that position when the deflection traces are 
removed. Of course, minor changes in the operating 
voltages employed with the tube may slightly affect its 
exact centering but this is of no consequence, since it 
can be recentered whenever so desired. As a matter of 
fact, positioning circuits are a part of every cathode- 
ray-tube system, so that the spot, or for that matter the 
trace as a whole, may be located at any point on the 
screen at the will of the user. 


OttCenter Location of the Undeflected Spot 


Our comments about the location of the undeflected 
spot on the screen may imply that such location is im- 
perative to the correct functioning of the tube, or to 
the use of the tube, Such is not the case, although there. 
is a reason for considering the ideal location as being 
the geometric center of the tube. It is nothing more 
than that such positioning affords the maximum useful 
screen surface area in all directions. 

It is possible, and not unusual in certain kinds of 
applications of the cathode-ray tube, that while maxi- 
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SPOR POSITION 


Fig, 8-2—The 
lines indicate the use! 
‘screen surface area with 
off-centered undeflected 
spot position, 








REQUIRED: 

HORIZONTAL 

MAGNITUDE 
mum screen surface area is desired, it is to be utilized 
in one direction only, that is, either upward or down- 
ward from the undefected spot position. Such might 
be quantities which do not appear on both sides of a 
zero axis, as for example pulses, rectified waves, and 
the like. In such cases, the best location of the unde- 
flected spot might be toward either the upper limit of 
the screen as shown in Fig. 8-2, or toward the lower 
limit. 

Of course, any location of the undeflected Spot above. 
or below the center of the screen tends to limit the per- 
missible movement of the spot in the horizontal direc- 
tion because the screen is circular in shape and the 
longest chord of a circle is its diameter. So it becomes 
‘a matter of what horizontal magnitude is required in 
the display. The dotted lines shown in Fig. 8-2 indicate 
the useful expanse of the display with such off-centered 
undeflected spot position. Because of the curvature of 
the screen near the edges, the useful portion of the 
screen surface is substantially less than the complete 
screen area. 

As will become evident later, the operation of a 
cathode-ray tube in such manner that the display is not 
symmetrical relative to the center of the screen is not 
predicated on the initial location of the undeflected 
spot. We have set this primary condition as a basis 
simply as a matter of convenience. Positioning of the 
trace as a whole, so that it is most suitable for study or 
observation, can take place after it has appeared on the 
screen. This is the equivalent of positioning the unde- 
flected spot, except that it is done after the beam has 
been deflected. 


‘Spot Displacement in Electrostatic Tubes 

Let us now examine the movement of the spot dur- 
ing various conditions of deflection. Having already 
described the principles of the action, we shall not re- 
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Fie, 8-3 (A) Straight up-and-down movement of the spot 
along the vertical axis; (B) random tions illustrati 
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peat them; instead we will devote our attention to the. 
excursions of the spot under different conditions. The 
simplest of these is the use of steady values of d-c volt- 
age as the deflection voltage. 


Vertical Detlection 

When we say that the luminous spot on the screen 
moves in a vertical direction from its undeflected posi- 
tion, it can have two meanings. It can mean a straight 
up-and-down movement along the vertical axis of the 
screen as shown in Fig. 8-3A, wherein several spot 
positions other than the undeflected location are indi- 
cated. The second meaning, which is related to the first, 
is vertical displacement from the horizontal axis of the 
screen parallel to the vertical axis. Fig. 8-3A shows 
this, except that the movement of the spot is along the 
vertical axis. This condition can prevail only if a hori- 
zontal-deflection force is absent. If itis present, vertical 
displacement means the movement of the spot to vari- 
ous points on the screen surface, all of which are either 
above or below the horizontal axis of the screen, as 
indicated in Fig. 8-3B. The spot positions shown in thi 
figure are random and purely illustrative of what 
meant by vertical deflection while some sort of hori- 
zontal deflection also exists. 

So far we have spoken in generalities. Let us now 
become specific and set up an imaginary tube system 
using an electrostatic type of cathode-ray tube and a 
variable source of d-c voltage. The voltage will be ap- 
plied first to the vertical-deflection plates, as shown in 
Fig. 8-4. Unit Bis a battery or other d-c voltage source 
having the polarity shown. Potentiometer P is con- 
mected across the voltage source, and is the means 
whereby we can obtain any desired voltage between 
zero and the maximum rating of the battery. The volt- 
meter V indicates the voltage applied across the plates. 
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Fig. 84.— Adjustment of potentiometer arm P for different 
values of applied voltages displaces the spot from 0 to 7 on the 
screen. 


In this type of circuit, a fixed polarity is maintained 
between the deflection plates, since V-2 remains con- 
nected to the negative terminal of the voltage source. 
‘The voltage between these two plates will vary with the 
position of the slider on P, but V- always will be posi- 
tive relative to V-2, except when the applied voltage is 
zero. 

Since the change in voltage applied across the de- 
flection system is not accompanied by a change in 
polarity, the direction of movement of the spot will re- 
main constant, being, in accordance with basic prin- 
ciples, toward the positive plate. The movement of the 
spot from the undeflected location 0 (midway between 
the two vertical plates, I/-1 and V-2) can be correlated 
with the exact voltage shown on the voltmeter V. This 
is not essential to the understanding of the action be- 
cause the specific movement of the spot (the electron 
beam) and the voltage applied across the deflection 
system is a function of the tube being used, but it is 
indicative of one interpretation of spot movement, that 
of voltage measurement. So that we shall have some 
correlation with practical operating conditions, let it 
be assumed that the full voltage of battery B is 100 
volts, This is a fair approximation of the potential dif- 
ference required between the vertical-deflection plates 
in order that a deflection of reasonable proportion be 
‘obtained. This should not be confused with the voltage 
which might be required at the input of an amplifier, 
if one were used; it is the voltage at the deflection 
plates and would conform to the meaning of the tube 
deflection factor. 

As seen in Fig. 8-4, the voltage between the plates 
is zero when the potentiometer arm is at the extreme 
left and maximum when it is at the extreme right. The 
dots bearing numbers from 0 to 7 indicate the relative 
positions of the spot for different values of applied volt 
age in arbitrary 10-volt steps. Since we are working 





with a P1 screen, the persistence of the image is short 
and only one spot will be visible at one time. If the 
potentiometer arm is moved very rapidly along the 
resistor element, even a P1 screen will allow a certain 
persistence of image, so that what appears like seven 
individual spots a certain distance apart, might appear 
asa line. For the sake of clarity, we shall assume a slow 
movement of the potentiometer arm ; moreover, a suffi- 
cient movement of this arm is assumed so that the 
spots appear individually with space between, rather 
than immediately adjacent to each other. They can be 
placed adjacent by simply moving the potentiometer 
arm hat small amount which would change the deflec- 
tion voltage just sufficiently to displace the spot on the 
screen by an amount equal to its diameter. 

Let us start our analysis with the potentiometer arm 
at its extreme left-hand position. This corresponds to 
zero voltage, placing the undeflected spot at point 0. 
Because V1 is positive relative to V-2, any change in 
voltage will cause the spot to move upward, since V-Z 
is attracting the electron beam and V-2 is repelling it. 
Seven uniform increases of the potentiometer-arm 
adjustment will shift the spot from position 0 to posi- 
tion 7. If the potentiometer arm is moved rapidly, the 
difference of potential between the plates will be 
changed rapidly and the spot will move in synchronism 
with the change in voltage. If the change in voltage is 
sufficiently rapid, the eye will not see the spot in mo- 
tion, but will see the spot trace a luminous line. If, 
during this operation, the potentiometer arm is stopped 
anywhere between its limits, the developing line will 
suddenly become a single spot of small dimensions, cor- 
responding to the static value of voltage established by 
the setting of the potentiometer arm. 

With the electrical system as shown, one limit of the 
spot excursion is the undefiected position 0, conform- 
ing to zero voltage from the voltage source ; the other 
is position 7, which conforms to the maximum voltage 
available from the voltage source. At no time can the 
spot move any closer to V-2 than position 0, because 
V-2 cannot be made positive relative to V-1. Thus it 
is evident that a d-c voltage will move the spot in one 
direction only, unless the polarity of the voltage is re- 
versed. Another highly significant point is that the 
magnitude of the spot displacement is proportional to 
the value of deflection voltage. For example, if the ver- 
tical excursion of the spot between 0 and 7 in Fig. 8-4 
is 1.5 inches, and the range of voltage shown on the 
voltmeter is from 0 to 100 volts, then a displacement of 
spot from the undeflected point 0 to point 7 corre- 
sponds to a deflection voltage of 100 volts. Then each 
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indicated point between 0 and 7 corresponds to a volt- 
age increment of 100/7, or 14.28 volts. 

A displacement of the spot from 0 to 1 means a de- 
flection voltage of 14.28 volts is applied; from 0 to 2 
it means a deflection voltage of 28.56 volts, etc. These 
voltage references are not intended to show the actual 
application of the cathode-ray tube as a voltmeter; it 
is entirely too soon in this text to introduce this sub- 
ject. All we have in mind at this time is to direct your 
thinking toward certain applications to be mentioned 
later. One of these is voltage measurement ; another is 
the fact that if a change in the deflection voltage is 
linear, the motion of the spot on the screen will be 
near, assuming, of course, that there аге not other 
influences which might tend to alter the normal be- 
havior of the tube system. 









Fig. 8-5. Vertical lacement with reversed polarity 
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Suppose that we reverse the deflection voltage by re- 
versing the polarity of the voltage source, as in Fig. 
8-5. The system is the same as before, except that the 
polarity of the deflection plates V- and V-2 now is the 
reverse of that shown in Fig. 8-4. Now we sce that the 
spot moves toward V-2, which is natural, since it is 
positive relative to V-1. Since the maximum range of 
potential is the same as before, the spot traverses the 
same distance across the screen for the same swing of. 
the potentiometer arm. This indicates that as far as the 
tube is concerned, it does not distinguish between po- 
larity of deflection ; it is strictly the voltage across the 
deflection system which controls the amount of elec- 
tron-beam deflection. We might restate this by saying 
that the movement of the spot is linear for linear 
changes in voltage, regardless of the instantaneous 
polarity. This is indicated by the separation between 
points 0 and 7 in Fig. 8-5 being the same as that be- 
tween the two corresponding points in Fig. 8-4. So, as 
in the upward deflection, each point between 0 and 7 











equals a deflection voltage of 14.28 volts, for, after all, 
it is still the same tube and the elements were not 
changed ; all that was changed was the polarity. 

Still another very important point which might be 
‘mentioned is an interpretation of applied polarity by 
observation of the direction of spot movement. Sup- 
pose, for example, it were known that the orientation, 
relative to the horizontal axis, of the vertical-deflection 
plates of the tube was such that a positive voltage ap- 
plied to the upper plate would move the beam upward. 
The movement of the spot on the screen would then 
instantly disclose the polarity of the voltage source 
connected to the deflection plates. 

While only seven spot positions are shown here, the 
possible number of such positions is determined solely 
by the increment of change of the potentiometer arm. 
Given sufficient voltage at B, the points of maximum 
displacement of the spot in either direction may be at 
the extreme limits of the screen — or even completely 
Off the screen. This is possible without having the elec- 
tron beam actually strike the deflection-plate surface 
and thus be impeded in its progress toward the screen. 
With sufficient deflection-voltage amplitude, the angle 
at which the electron beam is tilted before striking the 
deflection plate may be sufficient to cause it to strike 
the wall of the envelope, well off the screen. 

Although previously implied, it must be understood 
that the vacant positions between the spots in 4 
and 8-5 are not normal ; they are strictly arbitrary and 
brought about by the fact that we temporarily ignore 
the motion of the beam between the indicated positions 
of rest. Actually, the beam does not jump from one 
position to the other unless the source of voltage re- 
sponsible for the deflection force is of that character 
which changes voltage in abrupt steps — and shuts off 
the beam during the moment of change. Even with 
abrupt changes of deflection voltage, as in the case of 
square waves, the movement of the spot will be dis- 
cernible unless the change is extremely rapid. 

Since the entire purpose of the equipment is to di 
play information on the screen, it stands to reason that 
a voltage which will cause the spot to move off the 
screen is representative of excessive deflection voltage. 
As a matter of fact, it is appropriate at this time to re- 
call that the useful limit of the screen surface is not the 
periphery. It is somewhat less than this limit all around 
the screen surface. For proper presentation, that is, 
minimum distortion of the spot, approximately one- 
quarter to one-half inch from the extreme edges of the 
screen should be the maximum limits of deflection in 
all directions. 
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Horizontal Detlection 

What is true about the vertical-defection plates ap- 
plies to the horizontal-defection plates. As shown in 
Fig. 86, the voltage source is the same as before and 
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Fig. 8-6.—Horizontal spot displacement with H-I positive 
with respect to H-2. 


everything else is the same except that the horizontal 
plates are identified as H-1 and H-2. With H-1 posi- 
tive with respect to H-2, the beam is attracted by the 
former and the spot moves in the direction of the ar- 
row. The exact position of the spot is determined by 
the potential difference, as previously described. If we 
reverse the polarity of the voltages applied to the two 
horizontal-deflection plates, as in Fig. 8-7, wherein 
H-2 is positive and H-1 is negative, the beam will be 
attracted toward H-2, and the spot will move toward 
the left. 








&-7— Horizontal spot displacement with reversed polar- 
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Bilateral Deflection 


Let us now rearrange the voltage source so that we 
can conveniently change the polarity of the voltage 
applied to the deflection systems; the circuit is shown 
in Fig. 8-8, The battery and potentiometer system is 
modified so that by moving the arm of potentiometer 
P, the polarity of the voltage applied to the two deflec- 
tion plates can be reversed. With the potentiometer 
arm set to the midpoint and the battery tapped at its 





THE SPOT MOVES 
ALONG THE Y- AXIS 


Fig. 8-8— Vertical spot movement up and down from center 


pte panies mero om one 
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ward; if the arm is moved toward right, V-1 positive 


with respect to V-2, and the spot moves upward. 


midpoint, the potential difference between the two 
plates is zero ; hence the spot occupies the position des- 
ignated as 0. If the arm is moved to the extreme left 
position, plate V-I is made maximum negative with 
respect to V-2, and the spot moves toward V-2, even- 
tually reaching position 7", If the potentiometer arm is 
moved to the extreme right, V-1 is made positive with 
respect to V-2 and the spot moves toward V-1, even- 
tually reaching position 7. Therefore, by moving the 
potentiometer arm between its limits, we can cause the 
spot to move vertically across the viewi 
whatever limit is set by the voltage diffe 
between the two plates, this being determined by the 
stationary position of the potentiometer arm. 

If the potentiometer arm were moved from its mid- 
point toward the right, then reversed to the left, and 
finally brought back to the midpoint, the spot would 
move upward from 0 to 7, back down to 0, continue 
downward to 7’ and then return to 0, where the arm is 
again brought to rest at the midpoint on the poten- 
tiometer resistance 





THE SPOT MOVES 
ALONG THE X-AXIS 
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That which is true about the action of the vertical- 
deflection plates also applies to the horizontal plates, 
as shown by the positions of the dots in Fig. 8-9. Once 
more we repeat that the seven dots, representing spot 
locations each side of the undeflected beam position, do 
not establish that the total number of spot positions is 
seven each side of 0. These are arbitrary selections of 
spot movement along the horizontal axis. 


‘Resultant Spot Deflection 


Let us now consider the possible range of spot posi- 
tioning, with respect to the complete viewing screen. 
Up to the present time, we have considered but one 
deflection force applied to the beam which passes be- 
tween the set of active deflection plates, From now on 
we shall work with two deflection voltages, one voltage 
applied to one set of plates and another voltage applied 
to the other set of plates, As before, we are employing 
4-с voltages secured from batteries, 

Suppose that we start with Fig. 8-10A. Here we see 
two voltage sources, By and By, controlled by two 
potentiometers, Py and Py. Once more the battery cir- 
cuits are such as to cause unilateral deflection in each 
deflection system. If we look at each of these separately 
(neglecting the presence of the other), the influence 
of the voltage applied to the vertical-deflection plates 
would cause the spot to move toward V-Z and occupy 
positions as indicated by the circles marked 1V,, 2V, 
ЗУ, 4V, etc. If we consider the horizontal deflection 
separately, the positions of the spot would be in the 
direction of the arrow H, at the circles 1H to 7H. 





1-10.— (A) Simultaneous application 
Fo: Tents in 
toning the aot along the oid 
line 1'to 7; (B). the solid square is the 
‘useful display area of quadrant > 


However, both batteries are applying deflection volt- 
ages simultaneously, which act upon the beam at right 
angles to each other ; consequently, the final position 
of the spot is determined by two deflection forces act- 
ing at right angles to each other. If the voltage applied 
to the vertical plates is such as to move the beam to the 
position 1V, (with By inactive), and the voltage ap- 
plied to the horizontal-deflection system is such that 
it would move the electron beam to create a spot at 1H 
(with B, inactive), the combined force produces a 
resultant position of the spot indicated by the solid dot 
1. If you examine the location of this dot, you will find 
that displacement along the Y-axis, that is, the vertical 
axis, isthe same as for the vertical deflection, without 
any horizontal deflection, and that the displacement 
from its basic position along the X-axis, that is, the 
horizontal axis, is the same as for the horizontal de- 
flection, without any vertical deflection. 

If the individual voltages, with the polarities shown, 
are such as to cause the individual deflections corre- 
sponding to 2V and 2H, the resultant deflection sets 
the spot at the position shown by the solid dot 2, In 
like manner, the other final locations of the spot (solid’ 
dots 3 to 7) are developed by the simultaneous appli- 
cation of two deflection voltages, each of which indi- 
vidually would cause the spot to occupy the points 
shown by the vertical and horizontal rows of circles. 

In the example considered, the magnitudes of the 
individual vertical- and horizontal-deflection voltages 
are deliberately made equal. In practice this may or 
may not be so, but it lends itself best to the basic pres- 
entation. A typical practical case might be simultaneous 
vertical- and horizontal-deflection forces correspond- 
ing to 7V and 3H, which would then move the solid. 
dot 3 from its position for equal voltages to the point 
indicated by the dotted circle 3. 

Another example of this might be a vertical-deflec- 
tion voltage corresponding to circle SV and a horizon- 
tal-deflection voltage corresponding to circle 7H, in 
which case the spot 5 would be at point 5°, indicated by 
the dotted circle. 

Various values of vertical- and horizontal-deflection 
forces due to different values of unidirectional voltages. 
can cause the ultimate positioning of the luminous spot 
at any point in the upper right-hand quarter of the 
screen. Technically such a part of a circle is known as 
a quadrant, meaning one-fourth of the area of a circle, 
"The area indicated by the solid square in Fig. 8-10B 
is the useful part of quadrant /. Actually the entire 
quarter section of the screen is the quadrant, but since 
only a part of the screen can serve as a useful display 
area, we feel that it is best to most closely associate 
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utility with the division of the screen area. As you can 
see, the entire screen surface is divided into four quad- 
rants — 1, I1, III, and IV. 

Relative to the representation of the possible posi- 
tions of the spot in the useful area of quadrant /, illus- 
trated in Fig. 8-IOB, it is interesting to examine why 
the boundaries of this area are as they are shown. In 
the fewest words it is due to: (a) the use of unidirec- 
tional deflection voltages for both the vertical and hori- 
zontal deflections, and (b) the fact that zero deflection 
voltages on one set of plates locate the spot along the 
axis related to the other set of plates, With the deflec- 
tion voltages applied as shown, the spot cannot move 
to the left of the vertical axis or below the horizontal 
axis, 

Since maximum vertical-deflection voltage and zero 
horizontal-deflection voltage position the spot along 
the vertical axis, that axis becomes one boundary of the 
useful spot area in quadrant /. Another boundary of the 
solid square lies along the horizontal axis, because with 
different horizontal-deflection voltages and zero ver- 
tical-deflection voltage, the spot cannot move below the 
horizontal axis. The other two boundaries of the solid 
square in Fig. &-10B are set by the maximum vertical- 
and horizontal-deflection voltages. The solid dots form 
‘one diagonal of the square. Dotted circles 3 and 5' indi- 
cate the development of the upper and right-hand 
boundaries of the solid square of dot positions by the 
application of unequal values of vertical- and horizon- 
tal-deflection voltages. 

If you now refer to Fig. 8-11A and examine the 
polarity of the voltages applied to the plates, you will 























Fig. 12.—(A) Changing the polar 
the vertical-deflection voltage and retaining. 
the polarity of the horizontal-deflection хон 
lage locates the spot in quadrant 117, (B) the 
attive area i» indicated by the solid pattern. 


ol ths Uae oper wertical-delection plate 17-1 fa ati 
positive, However, the polarity of the horizontal-de- 
fection plate system has been revised. Now H-1 is 
positive and 47-2 is negative. Displacement of the beam 
spot takes place exactly a» before, but in this instance, 
the horizontal motion is toward the left horizontal- 
deflection plate ; the resultant of the vertical- and hori- 
zontal-deflection forces places the active area of the 
spot position in quadrant /7, a» shown in Fig, 8-11B. 
The force» acting upon the beam are the same in Figs. 
8-10A and 8-11, this being illustrated by the use of 
identical arbitrary units upon the drawing. It is the 
change in the direction of the horizontal deflection 
which is responsible for locating the spot position to 
the left of the vertical axis. 

By changing the polarity of the vertical-deflection, 
voltage and retaining the polarity of the horizontal- 
deflection voltage as shown in Fig. 8-11A, we can 
position the beam spot below the horizontal or X-axis. 
‘This is shown in Fig. 8-12, where by making H-1 and 
V-1 positive by varying degrees relative to H-2 and 
V-2, the spot is positioned to the left of the Y-axis and 
below the X-axis. This locates the spot in quadrant 
ILI, and the active area is indicated by the solid pattern 
8-12B. The action of the deflection forces is 
identical to that already explained, except for the 
change in the polarities of the deflection systems. 

Placement of the spot in quadrant JV is shown in 
Figs. 8-13A and B. As far as the action involved is 
concerned, it already has been described and requires 
no repetition, That which was described in connection 
with the basic illustration, Fig. 8-10, is applicable in 





















Fig, $-13— Placement of the spot in quad- 
rant 


(в) 


its entirety. However, in the present instance, in any 
one of the other cases, positioning of the spot in any 
given quadrant is a matter of applying to the deflection 
system voltages of the correct polarity. 

Summarizing all that has been illustrated relative to 
the four quadrants of the cathode-ray-tube screen : 

1, Changes in vertical deflection-voltage polarity 
place the active area above or below the horizontal axis, 

2, Changes in horizontal deflection-voltage polarity 
place the active area to the right or to the left of the 
vertical axis, 

In this connection, we must emphasize one very 
significant point, The association between the specific 
identifications of the plates in the deflection systems 
and the quadrant where the spot will appear is an 
bitrary one, Someone else may assign different numeri- 
cal designations to cach of the plates in the two deflec- 
tion systems, This may change the references to the 
direction of spot movement or quadrants and the de- 
flection-plate identification; but it will not alter the 
relationship between the direction of deflection and the 
polarity of the deflection plates. The specific numerical 
identification of a deflection plate is of secondary im- 
portance. The important point is the relative polarity 
of the plates in each of the deflection systems. 

Consolidating Figs. 8-10 through 8-14 results in 
Figs. 8-14A and B. Once more we have arranged volt- 
age sources which afford a complete change in polarity 
for both sets of deflection plates as the two potentiom- 
eter arms are varied along their respective resistance. 
elements. The positions of each, as they are illustrated, 
produce zero potential difference between plates of 
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and vertical-deflection voltages are varied at 
the same time and have the same magnitude j 
(CB) for all possible values of voltage appli 

to the two sets of plates, the spot is within the 
Solid square. 





cach pair. The spot, therefore, is at the exact center of 
the square formed hy the two sets of intersecting plates, 
and is shown by a solid dot. 

Radiating outward from this center position are the 
basic vertical- and horizontal-deflection spot positions, 
these being indicated by the circles. These show the 
‘movement of the beam in each of the four directions 
from the center, when the two voltage sources are in- 
dividually varied over their full range of voltage and 
polarity. When both voltage sources feed deflection 
voltages to the two systems simultaneously, and these 
are of like magnitude, the resultant spot positions are 
as shown by the solid dots. 

“The relative polarities of the plates for deflection in 
each quadrant are indicated in terms of the vertical 
plate and the horizontal plate which must be positive. 
‘Thus, in the area which is the equivalent of quadrant 
1, vertical-deflection plate V-1 is positive, and hori- 
zontal-deflection plate H-2 is positive. In quadrant I7, 
the positively charged plates are V-I and H-J. In 
quadrant 111, they are V-2 and H-1, and in quadrant. 
IV, they are V-2 and H-2. 

For all values of voltage applied to the two sets of 
plates, the spot would fall somewhere within the solid 
square of Fig. 8-14B. This assumes that the magnitude 
of the deflection voltages is kept within certain bounds 
as indicated by the limits of deflection set by the ex- 
treme positions of the solid dots in Fig. 8-14A. These 
correspond "to the four corners of the solid square 
shown in Fig. 8-14B. The remainder of the square is 














. made up of dot positions dependent upon different un- 
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‘equal values of horizontal- and vertical-deflection volt- 
age. This is indicated more clearly in Fig. 8-15. 

In this illustration, the useful area of the screen is 
occupied in part by a number of dot positions. Here 
are shown a number of combinations of vertical and 
horizontal voltages which will produce spot positions, 
and which, when illustrated in composite form, will 
comprise a square. Whereas before, we illustrated 
equal deflection-voltage magnitudes in both directions, 
here are shown unequal values of voltage active in the 
horizontal and vertical directions. 

For example, the solid dot in quadrant J, identified 
as 7V,, 1H, is the spot position for 7 units of vertical- 
deflection voltage and 1 unit of horizontal-deflection 
voltage. The spot position in quadrant /7 identified as 
AV, 7H shows the spot position when 4 unitsof vertical- 
deflection voltage and 7 units of horizontal-deflection. 
voltage are applied. The space between the dots or spot 
positions is due to the use of 1-volt changes in deflec- 
tion-voltage values. The smaller the increments of 
these voltage changes, the less will be the separation 
between the spot positions. This is illustrated by the 
dot corresponding to a vertical-deflection voltage of 
3% units and a horizontal-deflection voltage of 534 
units. Note its location relative to the neighboring unit- 
voltage spot positions. If the voltage increments were 
J4 units, the spots would be even closer together. 

If the changes in deflection voltage, as well as the 
changes in polarity, were made continuous, the entire 
active area of the screen would be explored by a mov- 
ing spot. This gives rise to a subject already mentioned. 
in connection with screens, but repeated here because 
of its close association with the subject at hand. We are 
referring to the optical illusion created by a spot of 
light which is in motion along the same path. 


Persistence of Vision 


Have you ever seen a flaming torch which was 
moved ina circular path? To the observer, such a mov- 
ing point of fire traces out a circle, although actually 
at any one instant, it is located at a specific point. By 
retracing its path at a sufficiently high speed, the 
moving torch deceives the eye ; the eye sees a continu- 
ous path of light because it cannot separate the indi- 
vidual instantaneous locations of the torch. In like 
manner, assuming the presence of the proper mech- 
anism for the application of deflection voltages of 
proper magnitude and polarity, the pattern of Fig. 8-15 
can be made to appear like that shown in Fig. 8-16, 
wherein are illustrated a series of linés which corre- 
spond to the horizontal rows of dots shown in Fig. 
8-15. 






r 
$$ 








Fig. 815—The dots show spot positions for a variety of 
‘combinations of unequal horizontal- and vertical-deflection 
Voltages corresponding to different settings of the two poten- 
tiometers, the square indicates useful screen area. 


If the increment of change in the vertical-deflection 
voltage were made sufficiently small, these parallel 
lines would seem to touch each other; in fact, they 
could not be distinguished from each other. If the se~ 
quence of deflection voltage and polarity changes were. 
sufficiently rapid, and the spot retraced its path time 
and again, the eye would be fooled completely. Al- 
though a single spot is doing the tracing of the pattern, 
the screen would appear to the eye as an illuminated 
square. This is why we can think in terms of solid pat- 
terns of light formed by different positions of the lu- 
minous spot, as was done in Figs. 8-10 through 8-14. 


The phenomenon is not limited to horizontal lines as 
shown in Fig. 8-15. It is just as applicable to vertical 
ines, or to lines in any direction. It is simply a matter 
of the path being traced out by the moving spot of 
light. The eye is capable of distinguishing steps in mo: 
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tion, if they occur slower than about 16 times per sec- 
ond. At higher speeds, it appears as continuous motion. 
‘This is the basis of motion pictures. These are lashed 
on the screen at the rate of 24 still pictures per second, 
and the eye sees them in continuous motion. 

The picture which appears on a television picture 
tube is formed by a spot of light of varying intensity 
which moves horizontally across the screen. Each ex- 
cursion is separated from the other by a tiny distance, 
advancing downward from the top. The picture seen 
‘on the screen is traced out by about 490 horizontal lines 
which appear on the screen 30 times per second. The 
structure of the picture in the form of lines can be dis- 
cerned on any television screen which has been ad- 
justed fora sharply focused image. 





Spot Displacement in Electromagnetic Tubes 


That which has been described as the movement of 
the spot across a cathode-ray-tube screen under the 
influence of electrostatic deflection fields, is repeated 
in magnetic-type tubes when the deflection field is 
electromagnetic in character. If we are to note a differ- 
‘ence, itis found in what has already been described in 
detail, namely that the movement of the electron beam 
is at right angles to both the lines of flux and the direc- 
tion of the deflection force. 

In all other respects, the behavior is the same. The 
electrostatic field set up between the deflection plates, 
when a voltage is applied, is the counterpart of the elec- 
tromagnetic field set up between the deflection coils. 
when current flows in the windings. The polarity of the 
electrostatic system has its equivalent in the direction 
of the current through the coils, which in turn deter- 
mines the direction of the flux lines through which the 
electron beam passes, 

The similarity in the resultant spot motion on the 
screen, in both the electromagnetic and the electro- 
static systems, is such as to permit the use of the same 
illustration for spot positions. Instead of voltage as 
used in the electrostatic system, we think in terms of. 
current in the magnetic system ; but the action of each 
pair of coils with current in one direction is exactly 
the same as with the individual sets of plates with a 
fixed polarity relationship. Thus, the composite illus- 
tration of Fig. 8-14A is repeated as Fig. 8-17, with the 
exception of deflection coils which are used in place of. 
deflection plates. The vertical-deflection coils are des- 
ignated as V, and the horizontal-deflection coils are 
marked He. 

‘The current sources are shown as batteries with a 
potentiometer connected across each, so arranged that 








Fig. 8-17.— Defection colls Voy, V oy, H, 
to develop the spot positions in any one 


and Hey are used 
the four quadrants, 


polarity may be changed, as well as the amplitude of 
the voltage across the coil, thereby changing the cur- 
rent through the windings, Such sources of current for 
the coils are not the most practical, but they will serve 
for this explanatory illustration. The organization of 
screen quadrants is the same as before, except that in 
this case, the correlation between the active quadrant 
and the movement of the electron beam or spot is in 
terms of the directions of the lines of flux between the 
vertical-deflection and between the horizontal-deflec- 
tion coils, The vectors labelled V and H, near cach 
quadrant designation, show the directions of these flux 
lines for beam deflection into that quadrant. 

It is important that you understand the use of these 
deflection coils in pairs at all times. Coils Vey and Ver 
are used to develop the vertical spot positions both 
above and below the horizontal axis of the screen re- 
gardless of which quadrant of the tube is active. The 
same applies for the horizontal-deflection coils, Her 
and Ha, relative to the development of the horizontal 
spot positions in any one of the four quadrants. 

‘The fact that unilateral deflection can be obtained in 
any direction is not due to the use of a single coil in 
either pair, or in both pairs, but rather to the single 
direction of the magnetic deflection fields. This is 
brought about by unidirectional current of variable 
magnitude in the deflection coils. 

So, if we correlate the behavior of the system shown 
in Fig. 8-16 with the electrostatic process, a change in 
the direction of the current through the deflection coils. 
and the change in the amplitude of these currents is the 
equivalent of a change in the voltage applied to the de- 
flection plates and the change in relative polarity of the. 
plates. In this manner, the spot can be moved to any 
position on the screen surface, and Fig. 8-15 applies 
equally to electrostatic- or electromagnetic-deflection 
systems. 
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Multigun Tubes 
It might be well at this time to make a few remarks. 
about the multigun type of tube. The behavior of each 
gun is the same as if no other gun were in the tube 
envelope. Nevertheless, certain comments, based on 
experience, may prove beneficial to the reader. 

‘There is, for example, the matter of undeflected spot 
position. In the single-gun tube this poses no problem. 
In the multigun tube, itis not an equally simple matter. 
In the single-gun tube, it can be centered, if that posi- 
tion is necessary. In the multigun tube, undeflected 
centering of the electron beam from each gun so that 
the spots are coincident on the screen is just one of a 
number of related problems. Normal manufacturing 
tolerances allow undeflected spot centering to mean 
any place within a one-inch square around the geo- 
metric center of the screen. Adjusting the spots due to 
two or more electron beams in a tube to be coincident 
оп а single point on the screen is simple; but whether 
these beams will maintain their parallelism while being 
deflected by the same voltage is an entirely different 
matter, 





Fig, 8-18—The multigun tube uses tilted guns and associ- 
ated deflection systems to position the spot within a one-inch 
square around the geometric center of the screen. 


The usual multigun tube makes use of tilted guns 
and associated deflection systems. An example of this 
is shown in Fig. 8-18, which is a rough illustration of 
the relative tilt of the guns in a dual-gun tube. The de- 
fiection systems which are supported by the gun 
mounting are likewise tilted relative to the tube axis 
so as to permit the beam to traverse the space between 
the deflection plates at the center, By tilting the guns 
in this manner, an attempt is made to attain coincidence 
of the beams at one point on the screen with minimum 
correction ; at the same time, the greatest screen sur- 
face is afforded each system in all directions. 

It would be possible to arrange the guns so that their 
axes were parallel to the tube axis, displacing each by 
the same amount from the axis of the tube. In this 
event, the undeflected spots would lie along the vertical 





Fig. 8-19 With the axes of the guns parallel to the tube 
axis the spots lie along! the vertical axis of the 
Screen equidistant from the horizon axi. 


axis of the screen, equidistant from the horizontal axis, 
as shown in Fig. 8-19. At first glance, one might say 
that this type of mechanical arrangement would tend to 
limit the magnitude of the display, since the undeflected 
spots are not in the center. Such is not the case, be- 
cause the usual design of the deflection systems permits 
correction of the undeflected spot position in a manner 
which affords the same space over the screen surface 
for display as exists with the centrally located spots. 


Detects in Deflection 

The problem associated with the two types of gun 
arrangements is not really the undeflected spot center- 
ing. Of far greater importance is the behavior of the 
two or more beams — depending on the number of 
guns — when deflection voltages are simultaneously 
applied to both deflection systems. There is no diffi- 
culty in centering two differently positioned unde- 
flected spots so that they are coincident. The complica- 
tion is the lack of parallelism when, for example, two 
electron beams are deflected by identical forces. The 
greater the number of beams, the greater is this prob- 
lem. 
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The spot positions of a tube containing two guns can 
be seen in Fig. 8-20A. Coincidence of the two unde- 
flected beams on the screen is obtained ; but when these 
are deflected by equal values of voltage, the movement 
of the two beams along the horizontal axis lacks paral- 
lelism. Such beam behavior would tend to tilt the two 
traces with respect to each other. This does not limit 
ordinary waveform comparison, but it would be a lim- 
itation in connection with phase comparisons. The 
condition we show is somewhat exaggerated; it may 
be found in actual practice, although perhaps not to this 
great extent, However, this effect must be reduced 
quite substantially in order that the phase shift it 
causes be negligible. 

Correction for such a condition is possible, but quite 
difficult, since it is necessary to compensate for the 
beam tilt as a whole, Such correction will be discussed 
later. Sometimes only one of the beams is tilted in this. 
manner, the other beam moving along the horizontal 
axis. This simplifies the correction and reduces the 
error. Then lack of parallelism may be found to take 
place along the vertical axis, as illustrated in Fig. 
8-20B. Here the spot positions coincide when the 
beams are not deflected, but one moves away from the 
vertical axis when both are deflected. 

We are anxious to reiterate that such conditions do 
not restrict the usefulness of the dual-beam tube. In the 
case of phase measurements, it simply makes it a little 
more difficult to interpret that which is seen. As is evi- 
dent, the minimum effects due to such conditions exist 
near the center of the tube screen, so that.if the shift 
due to the lack of parallelism is determined beforehand, 
the correction factor can be applied. Doubtless, in time, 
a greater degree of accuracy will be attained in the 
manufacture of the guns and deflection systems, as 
well as their orientation relative to the tube axis, and 
the required parallelism during deflection will be ac- 
complished. Even today, the amount of such error is 
quite small and our reason for mentioning these details 
is merely to indicate their existence. 

Still another condition sometimes found in multigun 
tubes is that the deflection sensitivities of the two guns 
are not the same. The net result is that while parallel- 
ism of beam motion and spot movement may be accom- 
plished during deflection, the amount of deflection per 
unit voltage applied across the two like deflection sys- 
tems will not be the same. What we mean is shown in 
Fig. 8-21. Here we have deliberately displaced the two 
spots vertically by a definite amount so as best to show 
the action. 

The two spots are lined up along the vertical axis for 
the undefiected conditions, but, as can be seen, equal 
values of voltage applied to each pair of horizontal- 





Fig. 8-21 —Amount of 


unit voltage aj 
across the two deflection. 








Systems is unequal, be- 
cause of slight differ- 
tivities of the two guns. 


deflection plates do not move the electron beams and 
associated spots the same amount. Certain corrections 
may be applied, but they do not always fully remedy 
the condition. They may correct it sufficiently so that. 
those tests which might be interfered with most by such 
nonlinear deflection may be carried out with negligible 
error. Naturally, the greater the number of guns in the 
tube, the more difficult is the solution of any one of the 
nonuniformities described in connection with the dual- 
gun tube, especially the effort to make all the beams 
move in perfect synchronism. Nevertheless, these tubes 
are extremely valuable and are generally more versa- 
tile than two single-gun tubes. 





Reaction Between Beams 


If we continue the assumption that the deflection 
voltage is applied directly to the plates of the tubes 
(without any amplifiers in the circuit), we can, for all 
practical purposes, consider that each electron beam 
behaves as if no other beam were in the tube. Suffi- 
ciently good shielding exists between the deflection 
plates of each system, so that there is no reaction be- 
tween the beams. Under such conditions, each beam 
‘can be deflected in whatever manner is consistent with 
proper performance, and the resultant traces on the 
screen can cross each other as frequently as may be 
necessary. Or the two beams may be made to produce 
a coincident trace, without one interfering with the 
other; each will produce its own trace just as if the 
other beam were not there. 

Tt is imperative, however, to remark that such free- 
dom from interaction may not be experienced when 
amplifying systems are used with each of the guns 
which produce these beams. This does not mean that 
the addition of the amplifiers feeding the deflection 
systems causes the beams to interact, but rather that 
if interaction is noted, it can be attributed to coupling 
between the amplifiers or whatever supplementary 
equipment may be used with the guns and the defiec- 
tion systems. 
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Interpretation of Spot Displacement 

Although the displacement of the spot from the un- 
deflected position is the process of tracing a visible 
pattern of a varying quantity or some other action, we 
can place another interpretation on the displacement. 
This is the magnitude of displacement relative to the 
voltage responsible for it. Restated, the displacement of 
luminous spot on the beam from any point which is 
considered the reference point — such as the unde- 
flected location at the center of the tube screen — is a 
measure of the magnitude of the applied deflection 
voltage. 

This was cvident in Figs. 8-4 through 8-15, although 
it was not discussed to any great length. In each of 
these illustrations, regardless of the direction of the 
deflection, the movement of the spot from the center to 
some point away from there was accomplished by the 
application of а d-c voltage of some value. Whereas 
during the discussion of the action we paid very little 
attention to the relationship between voltage level and 





distance of spot displacement, we now can bring up 
that point. Not that we intend to review the past dis- 
cussions; rather, we desire to emphasize the utility of. 
the cathode-ray tube as a voltage-measuring device. 

In this connection, itis significant to note that, under 
normal conditions, the deflection due to a voltage is a 
linear one; that is, the deflection caused by a given 
value of deflection voltage will result in equal displace- 
ment either side of the undeflected position along any 
one axis, provided that the polarity of the voltage is 
changed to swing the electron beam both sides of the 
undeflected spot position. However, it is also signifi- 
cant to note that while linearity in deflection is obtained 
along both axes, a single value of voltage will not result 
in the same magnitude of spot displacement vertically 
and horizontally. This modification of the original 
presentation docs not alter the fundamental facts which 
were being conveyed. They still remain as stated, ex- 
cept that we must recognize the difference in sensitivity 
or deflection-factor ratings of the two deflection sys- 
tems in the cathode-ray tube, 


CHAPTER 9 


LINEAR TIME BASES 
(Sweep Circuits) 


The greatest amount of the discussion presented thus. 
far concerned the action of the deflection fields upon the 
electron beam and the positioning of the spot. We pro- 
gressed through the application of d-c voltages to the 
vertical and horizontal deflection plates and made brief 
mention of the application of a varying or a-c voltage 
to the deflection plates, 

Now, the primary function of the cathode-ray tube 
as used in oscilloscopes, which are employed in con- 
nection with most types of electrical equipment, is the 
observation of a-c phenomena of one type or another. 
When we speak of electrical equipment, we include 
communication instruments, such as radio receivers, 

audio amplifiers, television, and radar 
also electrical test equipment, industrial 
contro! equipment, and many other similar types of 
apparatus, too numerous to mention here. As far as the 
‘oscilloscope is concerned, the first step that we have to 
consider in this a-c observation is the method of spread- 
ing out the a-c wave, This is necessary in order that the 
waveform of alternating voltages and currents can be 
‘examined by viewing the screen of the cathode-ray 
tube. 

This observation requires that some means be avail- 
able whereby the electron beam, which has been placed 
under the influence of the phenomenon to be examined 
or observed, will be caused to move in accordance with 
a predetermined velocity. In other words, the electron 
beam moves in a definite direction with a certain speed. 
Since speed is a function of distance and time, the elec- 
tron beam will traverse a path across the screen of the 
tube in a certain amount of time. This path that the 
beam travels is called the time base and will permit the 
investigation of electrical waveforms because it will 
help determine the variation in amplitude of the wave- 
form with respect to time. Thus, we find that a time 
base is necessary in order to give the pattern or image 
to be observed two dimensions, one time and the other 
amplitude. In order to help produce this time base, a 
special circuit, called the sweep circuit, has to be em- 
ployed in conjunction with the cathode-ray tube. 








The Time Base 
In order to realize the importance of a time base in 
observing electrical phenomena, let us consider a 
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simple sine wave. A sine wave, as well as all other 
alternating waves, contains three main electrical char- 
acteristics — namely, frequency, phase, and amplitude. 
At the moment, the quality that is of interest is the fre- 
‘quency of the signal, The alternating feature of the sine 
wave imparts a certain cyclic variation of the wave with 
respect to time, which variation we term the frequency 
of the signal. Thus when we say a signal has a fre- 
quency of 200 cps, it, of course, means that the wave is 
alternating in amplitude at the rate of 200 cycles each 
second. The time quality of frequency is not always 
stated when a frequency is mentioned, but is neverthe- 
less understood to exist. 

When we draw a sine wave graphically, we are actu- 
ally showing a curve of amplitude versus time, In order 
to show this same sine wave on a cathode-ray tube, the 
same graphical relationship must exist, that is, the 
wave shown must also be a function of amplitude and 
time. It is the time base that helps produce this wave 
on the cathode-ray tube. 

A question that might be raised at this point is the 
correlation between the time involved in the time base 
and that involved in the frequency of the actual wave. 
‘The time that it takes the electron beam to traverse a 
path across the screen is variable in all oscilloscopes. 
When we mention a 200-cps wave, we mean that in one 
second there are 200 cycles of alternation, in 0.5 second. 
there are 100 cycles of alternation, and in 0.01 second 
there are 2 cycles of alternation. Thus, if a signal with 
a frequency of 200 eps is to be observed and the time 
base of the oscilloscope varied to the point where it 
takes the electron beam 0.02 of a second to complete its 
path from start to finish, only four complete cycles of 
the sine wave would appear on the screen. This rela- 
tionship between the time base and frequency of the 
incoming signal will be more clearly evident as this 
chapter progresses. 

‘The time base is formed by deflecting the spot across 
the screen from one point to another. This time-base 
deflection must position the spot ata certain point upon. 
the screen, move it across the screen at a definite 
known rate, and instantly return it to its original posi- 
tion to begin a new cycle of time-base deflection. As 
mentioned before, it is the sweep circuit that helps de- 
flect the electron beam to produce the time base, The 
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‘exact length of this time base, as viewed alone on the 
screen, is a direct function of the sweep-circuit voltage 
and is sometimes referred to as the time baseline. The 
rate at which the spot moves across the screen is known. 
аз the suec frequency. Application of the term 
"sweep" seems quite appropriate, since its action is to 
sweep the beam or spot across the screen. 

From this brief analysis we see that the sweep circuit 
isa necessity in order to view waveforms on a cathode- 
Tay tube, It is also known that the sweep circuit must. 
bea signal-producing network of some sort because we 
have to deal with a sweep frequency which determines 
the time involved in moving the spot across the screen. 
By having a variable sweep frequency, any number of 
cycles of a particular waveform can be observed. 

In most oscilloscopes, the signal to be observed on 
the cathode-ray tube is applied to the vertical deflection 
plates and the deflection voltage representing the time 
base is applied to the horizontal deflection plates. How- 
ever, without any signal applied to the horizontal de- 
flection plates (that is, with the time base absent), all 
that would be seen on the screen of the cathode-ray 
tube, due to the application of any shape waveform to 
the vertical deflection plates, would be a vertical line. 
If the signal input to the vertical plates is a sine wave, 
then the length of the vertical line observed would be 
‘equal to the peak-to-peak amplitude of the sine wave. 
We see a vertical line because the spot is moving up 
and down so rapidly, at a rate determined by the fre- 
quency of the signal, that the eye sees the movement as 
a single trace. If the frequency were low enough, the 
vertical line would appear to be flickering, indicating 
that the spot was not moving fast enough for the eye 
to see the movement as a single trace. 








Fig. 9-1,— Time baseline. 
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When the sweep signal is applied to the horizontal 
deflection plates, there is also a horizontal force, the 
timing base, imparted to the electron beam, and hence 
the wave to be observed is spread out on the screen. In 
other words, the electron beam and hence the resultant 
spot will move in accordance with the amplitude of the 
wave and the instantaneous displacement with respect. 
to time. If a sweep signal is applied to the horizontal 
deflection plates without any signal applied to the ver- 
tical deflection plates, then only a time baseline would 
appear on the screen of the cathode-ray tube. A photo- 
graph of such a time baseline is illustrated in Fig. 9-1. 


The time base has been stressed in this section as 
being necessary in order to reproduce waveforms on 
the screen of the oscilloscope. However, the use of the 
‘oscilloscope is not limited to visual representation of 
the waveforms of certain signals, but has numerous 
other uses. In many of these applications, signals are 
applied to both the vertical and horizontal deflection, 
plates, and the signal applied to the latter plates is not 
considered a time base in the same manner as pre- 
viously discussed. This fact should always be remem- 
bered, because, in the remainder of this text, various 
other applications of the oscilloscope will be studied. 

Inorder to completely understand how these various 
time bases are attained, it is necessary to study the 
sweep circuits and their associated signal waveforms 
that cause these time bases, It was stated that in order 
to reproduce a signal waveform on an oscilloscope, the 
signal to be observed is normally applied to the vertical 
deflection plates and the sweep signal to the horizontal 
deflection plates. The sweep signal can be represented 
by any voltage that will cause the desired result, 


Simple D-C Sweep Circuit 


The simplest means of illustrating the action of re- 
producing a waveform is to apply an a-c wave to the 
vertical plates and to apply a varying d-c voltage to 
the horizontal plates, which acts as the sweep signal. 
By arranging that the horizontal deflection takes place 
at a definite time rate, we establish a known time base, 
If this horizontal deflection were to be of a-c character, 
and if it were desired to establish a definite time base, 
a voltage of known frequency would be applied. How- 
ever, that is for later discussion. In the meantime, let 
us sweep the beam across the horizontal axis, by means 
of a rotating potentiometer which is across a d-c sup- 
ply, thereby developing the time base, 

‘Let us examine Fig. 9-2, which is a basic illustration 
of the action of a d-c sweep. Part (A) represents a very 
low-frequency signal, for example, 1 eps, applied across 
the vertical-deflection plates. We select this frequency 
because it allows observation of the motion of the spot. 
Part (B) isa graphical illustration of the different spot 
positioning of the beam. The horizontal sweep voltage 
is developed across the potentiometer P. This poten- 
tiometer is arranged in the form of a circle with a 
rotating arm. You will note that contacts are provided. 
and are numbered from +14 to 0 to —14. The arm of 
the potentiometer rotates in a clockwise direction and 
you will have to visualize a minute jump which the arm 
makes as it rotates and moves from the —14 to the +14 
terminal. You will have to assume the spacing between 
these two terminals to be extremely small, so that the’ 
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elapsed time interval during the jump is very small 
with respect to the time interval existing when the con- 
tact arm moves between the resistance steps or taps 
upon the potentiometer arm. You must also assume 
that this contact arm is rotated by a motor at a pre- 
determined and constant speed. 

The small individual circles, shown in part (B), 
indicate spot positions for the vertical and horizontal 
deflections of the beam when only one set of deflection 
plates is considered active at a time. In other words, 
the column of spot positions along the vertical axis 
exists without any horizontal deflection, and the row 
of spot positions along the horizontal axis exists with- 
out any vertical deflection. The reason for the uneven 
spacing of the circles along the vertical axis is that the 
amplitude variations of the signal applied to vertical 
plates are at a sinusoidal rate. The total length be- 
tween the first and last vertical spot is equal to the 
peak-to-peak amplitude of the sine wave. The accuracy 
of the drawing indicates this. The points on the sine 
curve and those along the vertical axis on the screen 
are related, and if the dashed lines leading from these 
points of the sine curve were extended to the right, they 
would intersect the vertical axis circle of the same 
number. 

Tracing Out First HaltCyele 


You will also note that while only seven vertical 
positions of the spot are shown above and below the 


horizontal axis, each spot, other than that which indi- 
cates the peak amplitude of the sine wave, appears 
twice during each half-cycle. This is indicated by each 
spot lining up with two points on the sine wave. To 
foster closer association between the vertical and hori- 
zontal deflections, when both exist, we have indicated 
the even-numbered vertical-deflection spot positions 
only. The odd-numbered positions were omitted for the 
sake of clarity, but they are, nevertheless, understood 
to exist. The numbers adjacent to the vertical column 
ОЁ spot positions correspond with the numbers shown 
upon the wave, In other words, the zero position, ог 
normal center position of the spot, corresponds to 
numbers 0, 14, and 28 on the wave. Spot position 2 on 
the rising quarter of the cycle is also spot 12 on the 
second quarter. Spot positions 4 and 10 coincide, be- 
cause they represent equal displacement from the nor- 
mal position, or horizontal axis. The same is true of 
spot positions 6 and 8. Spot position 7 occurs just once 
during the half-cycle, because it is the peak amplitude, 
and the voltage causes this displacement only once 
during each first half-cycle. In the second half-cycle, 
spot positions 16 and 26, 18 and 24, and 20 and 22 are 
seen to coincide. Spot position 21 occurs only once dur- 
ing this half-cycle, because it indicates maximum dis- 
placement, which occurs only once during the second 
halí-cycle. 

You will further note that the horizontal-deflection 
sweep-voltage potentiometer has 14 taps on each side 
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of the zero position, between the zero point and the two 
positions of maximum voltage. Even-numbered posi- 
tions are only indicated here also, the odd numbers 
being omitted from the drawing for clarity reasons. 
The position of the spot upon the screen for each num- 
bered position of the potentiometer rotor arm is indi- 
cated by corresponding numbers. The spots not num- 
bered indicate the odd positions of the potentiometer. 
The speed of the potentiometer rotor arm is such that 
one complete revolution is made in the time required 
for the signal at (A) to complete one cycle, so that a 
single cycle appears upon the screen. When this con- 
dition exists, itis said that the sweep frequency corre- 
sponds with the frequency of the signal being observed. 
The effects of different sweep or timing axis frequen- 
cies will be shown as we progress through this chapter. 
Again we want to remind you that the rotor arm on 
the potentiometer moves from what is indicated as —14 
to +14 in an extremely short interval of time. Also 
remember that the number of cycles appearing on the 
screen of the cathode-ray tube is determined by the 
frequency relation between the signal being observed 
and the frequency of the sweep. In the case now under 
discussion, the sweep frequency is determined by the 
number of revolutions per second that the potentiom- 
eter arm undergoes. You will soon learn why these 
facts are brought to your attention. 

Do not forget that the vertical or horizontal spot 
positions indicated in this drawing only exist when the 
proper signal is applied to either set of deflection plates. 
When both the signal to, be observed and the sweep 
voltage are applied simultaneously, each to its own set 
of deflection plates, two forces are acting upon the 
electron beam, each force displacing the beam in its 
required direction. Hence, the spot, for any one instant 
of time, occupies a completely different position on the 
screen and, in the course of a small amount of time, 
traces out the waveform to be observed. 


Image Formation 

Let us now see how the image is developed upon the 
screen by actually combining the two individual deflec- 
tions shown in Fig. 9-2B. We shall assume that the 
rotor arm of the potentiometer is initially set at the +14 
tap when the motor starts and that this position coin- 
cides wih the start of the a-c cycle of the 0 point on the 
sine wave. With the rotor arm at +14, horizontal de- 
flection plate H-1 is 14 units positive and in accordance 
with Fig. 9-2B, the beam spot at that instant has a 
horizontal displacement of 14 units, al the way to the 
left of H-1 but has no vertical displacement ; hence the 
spot occupies the position 0-14 indicated in Fig. 9-3. 
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Next consider the instant when the rotor arm 
+12 tap and the amplitude of the sine wave ha 
vanced to position 2. The displacement of the spot is 
then 2 units up along the vertical axis and plus 12 units 
along the horizontal axis and the resultant spot posi- 
tion is shown in Fig. 9-3 as point 2-12. The first of 
these numbers designates the vertical displacement due 
to the sine wave and the second number represents the 
horizontal displacement due to the potentiometer volt- 
age, in each case with respect to the numbers indicated 
in Fig. 9-2, (Remember that the same amount of time 
has elapsed for the potentiometer arm to rotate from 
the +14 tap to the +12 tap as the sine wave of voltage 
to increase in amplitude from the 0 point to the number 
2 point.) 

We can illustrate the combination of the horizontal 
and vertical displacement of the spot very easily by the 
use of plane vectors. The vector diagram of Fig. 9-4 
indicates the combination when the sine wave is at its 
number 2 position and the potentiometer is at its +12 
position. Vector 0-2 represents the vertical displace- 
ment due to the sine wave and its magnitude indicates 
the relative amplitude of the sine wave at the number 2 
position of the wave. The vector 0-12 represents the 
horizontal displacement of the spot due to the poten- 
tiometer or sweep voltage and its magnitude indicates 
the relative amplitude of the sweep voltage when the 
potentiometer is at the +12 position. If these two vec- 
tors are added, the resultant vector will show the posi 
tion of the spot. In the diagram of Fig. 9-4, line O-4- 
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is the resultant vector and point A, the extreme end of. 
the vector, represents the position of the spot and is 
indicated as 2-12. 

Next let us consider the time when the potentiometer 
rotor arm is at +10 tap ancl the amplitude of the wave 
has advanced to point 4. The displacement is 10 units 
along the horizontal axis and 4 units along the vertical 
axis and the resultant position of the spot is 4-10 as 
indicated in Fig. 9-3. The potentiometer arm continues 
revolving, and when it makes contact with tap 8, the 
amplitude of the sine wave has advanced to point 6; 
together these two voltages cause a resultant displace- 
‘ment of the beam spot to the position 6-8. At the peak 
of the sine wave, the arm of the potentiometer is mid- 
way between the +8 and +6 taps, or theoretically at 
the +7 tap, although this number is not illustrated in 
the drawing. The resultant spot at this instant of time 
is in position 7-7 as seen in Fig. 9-3, After reaching its 
peak at point 7, the amplitude of the first balí-cycle of 
a-c voltage starts decreasing and numbered points &, 
10, 12, and 14 are traced out. At the same instants of. 
time, the potentiometer, which continues revolving in 
a clockwise direction, makes contact with numbered 
taps 6, 4, 2, and 0 respectively. The resultant displace- 
ment of the spot due to the combination of these indi- 
vidual vertical and horizontal displacements is indi- 
cated by respective spot numbers 8-6, 10-4, 12-2, and 
14-0 in Fig. 9-3. At the moment when the voltage of 
the a-c signal reaches the point marked 14, which is 
zero voltage, the potentiometer arm has also reached 
its zero voltage tap, so that there is no deflection force 
‘exerted upon the beam. Consequently, the spot remains 
in its normal center position, which on the drawing of 
Fig. 9-3 is represented by the 14-0 spot. 











Tracing Out Second Halt-Cycle 

You now have seen how the first half-cycle of the 
wave is traced out on the screen of the cathode-ray 
tube, The upper half of the straight-line image that 
‘exists when the spot has only vertical displacement and 


по horizontal displacement has now been spread out 
with a time base or sweep. Let us now develop the re- 
maining half-cycle of the sine wave. The lower half- 
cycle of the sine wave, which makes deflection plate 
V-2 positive with respect to plate V-1, helps cause the 
spot to move downward, below the horizontal axis. At 
the same time, the movement of the potentiometer 
rotor arm, past the 0 point (still in the clockwise direc- 
tion), causes deflection plate /7-2 to become positive 
with respect to plate H-J. The combined action of these 
two forces is such that the spot will always be below 
the horizontal axis and to the right of the vertical axis. 
As the potentiometer rotor arm moves to —2, the am- 
plitude of the sine-wave voltage increases in the reverse 
(negative) direction from point /4 to point 76 and the. 
resultant displacement of electron beam due to these 
two forces places the spot in position 16-2 as seen in 
Fig. 9-3. Further motion of the rotor in synchronism 
with the voltage wave causes resultant spot displace- 
ments as indicated by spot numbers 18-4, 20-6, 21- 
22-8, 24-10, 26-12, and 28-14. The last position is zero 
voltage or deflection along the vertical axis, but maxi: 
mum deflection, to the right, along the horizontal axis. 














Fig, 9.5— Actual photo- 
graph from the face of a cath- ' 
‘ode-ray tube of one cycle of a 


Continued operation of the rotor and application of 
the voltage wave repeats the process, for, as previously 
stated, an extremely short interval after the spot 28-14 
has been positioned, the horizontal timing voltage 
sweeps back to its original position of +14, which is in 
time with the start of the cycle, at point 0. The rate at 
which this return takes place is usually made to occupy 
a time interval which is from 1/25th to 1/100th of the 
time required for the completion of a single cycle. 

In Fig. 9-5 there is shown an actual photograph of 
one cycle of a sine wave as reproduced on the screen of 
the cathode-ray tube. The sweep signal and input sine 
wave both have the same frequency. Although an elec- 
tronic type of sweep circuit is used in the oscilloscope 
where this photo and others following are taken, for the 
sake of discussion, we will assume that the sweep volt- 
age is secured from the potentiometer of Fig. 9-2. That 
part of the photo between points a and b represents the 
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Fig. 9-6—lllustration of 
different initial phase condi- 
tions between the vertical sine- 
wave signal and the horizontal 
sweep. 





travel of the beam during the time the rotor arm travels 
from the ~14 to +14 tap. It is known as the retrace 
line. In order to reproduce the picture as shown, the 
start of the sweep signal is made at the +74 tap of the 
potentiometer at the same time the input sine wave 
starts at zero. When in this condition, the two voltages 
are said to be in phase, as mentioned previously. What 
happens to the reproduced picture when the starting- 
time relationship between the sweep voltage and input 
sine wave is no longer in phase? 


Different Phase Conditions 


In Fig. 9-6 there are shown three different pictures 
representing various phase conditions, or starting-time 
relationships, between the sweep and sine-wave voltage 
of Fig. 9-2, In each case, the frequency of both voltages 
is the same ; that is, the time required to complete one 
revolution of the potentiometer rotor arm is the same 
as that required to complete one cycle of alternation of. 
the sine wave. Photograph (A) of Fig. 9-6 can be rep- 
resentative of the case where the start of the sine wave 
of Fig. 9-2 is one-quarter of a cycle ahead of its zero 
point or at point 7, and the start of the potentiometer 
rotor arm is at +4. This is the same as saying that the 
input sine wave is Jeading the sweep signal by 90°. An- 
other way of looking at the reproduction of this picture 
is to assume that the rotor arm started moving from in 
between taps —6 and —8 (which point can be consid- 
ered as —7) at the time the sine wave started at its zero 
point. 

The wave at (B) of Fig. 9-6 will result if the sine 
wave of Fig. 9-2 started at point 14 and the rotor arm 
at tap +14, or if the rotor arm started moving at point. 
Oat the same time the sine wave also started at point 0. 





In either case the same picture will be produced and the 
two voltages are said to be 180° out-of-phase. The re- 
produced picture at (C) of Fig. 9-6 will result if the 
sine wave of Fig. 9-2 started at point 21 and the rotor 
arm at the +14 tap, or if the rotor arm started moving 
from in between +8 and +6 (considered as +7 tap) 
at the same time the sine wave started at point 0. Re- 
member that, in each case, the sine wave must complete 
‘one cycle of alternation and the rotor arm one revolu- 
tion from their starting points. 

You have seen how the time base is introduced and 
how just a vertical straight-line image of amplitude, 
when the sine wave of voltage is applied to the vertical- 
deflection plates, becomes an image of the sine wave 
itself by simultaneously applying the horizontal time- 
base deflection. At this point, we want to mention that 
the time base shown here is not supplied commercially 
with the type of apparatus described. However, this 
description will serve to explain the manner in which 
the sweep voltage, developed by some other means, 
spreads the wave. Also it might be well if you under- 
stood that the slow speed of the rotor arm and the low 
frequency of the a-c wave were purposely selected in 
order to expedite comprehension. With both frequency 
and potentiometer rotor speed increased, it is impos- 
sible to follow the movement of the spot, because 
moves so rapidly, but the positioning of the spot re- 
mains the same. The image, instead of being shown as 
a spot, which moves from place to place, assumes the 
form of a solid line, of the waveshape shown, 








Variation In Sweep Frequency 

An oscillogram in which just one cycle appears upon 
the screen is obtained, as mentioned previously, when 
the time or frequency of the sweep is the same as that 
of the phenomenon being observed. What happens if 
the time of the sweep frequency is twice as great as that 
of the wave being observed or if it is one-half the fre- 
quency of the wave being observed? Let us analyze the 
former where the frequency of the sweep circuit is 
twice the frequency of the voltage wave being exam- 
ined. This means that the potentiometer rotor arm 
makes two revolutions during the period required to 
complete one cycle of the wave being observed. In the 
case being discussed, the potentiometer rotor arm com- 
pletes two revolutions during one second. 

During this discussion, we must assume that a cer- 
tain phase condition exists between the varying d-c 
voltage applied to the horizontal-defiection plates and 
the a-c wave applied to the vertical-deflection plates. 
The time elapsed between the start of the potentiom- 
eter arm and the start of the a-c wave can be expressed 
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Fig, 97.— Graphical. representation of the case where the 
sweep frequency is twice that of the sine-wave signal under 
tion. 


in terms of a frequency or phase difference. In this 
analysis, we are assuming that the potentiometer rotor 
arm starts moving simultancously with the start of the 
a-c wave and in this manner the two deflection forces 
are said to be in phase, With the wave and the arm. 
moving at their constant frequencies, the two voltages 
will stay in phase. 

The basic data are furnished in Fig. 9-2. For proper. 
comprehension of what is being explained, it will be 
necessary to correlate Figs. 9-2 and 9-7. Since the 
potentiometer rotor moves twice as fast as the voltage 
wave under observation, it cumpletes half of one revo- 
ution during the time that the voltage wave completes 
one-fourth of one cycle. Referring to Fig. 9-2, the rotor 
starts moving at the +14 tap when the voltage wave is 
at zero. There is no vertical displacement, but only a 
horizontal displacement toward plate H-1 because this 
plate is positive with respect to plate H-2. This condi- 
tion places the spot at point 0-14 in Fig. 9-7. 

By the time that the voltage wave has advanced to 
point 2 in Fig. 9-2, the rotor arm has advanced ta tap 
10; this represents a vertical displacement of 2 units 
and a horizontal displacement of 10 units, resulting in 
the positioning of the spot at 2-10 in Fig. 9-7. By the 
the wave has advanced in amplitude to point 4, 
the rotor has moved to tap 6 and the resultant displace- 
ment is shown as point 4-6. Maintaining the same rate 
of rotation, the rotor is at tap 2, when the wave ampli- 
tude has reached point 6, thus positioning the spot as 
6-2, When the wave reaches its maximum amplitude, 
point 7 in Fig. 9-2, the rotor arm has reached the zero 








tap. With no horizontal deflection and 7 units vertical 
deflection, the spot is positioned on the vertical axis, 
as 7-0 in Fig. 9-7. From this latter figure, itis evident 
that one quarter-cycle of the wave has been covered for 
half of a revolution of the rotor arm. 

‘The amplitude of the first half-cycle of the wave now 
decreases and is seen to pass through the numbered 
points 8, 10, 12, and finally to 14, which is zero voltage. 
At the same time, the rotor arm is advancing in its arc 
of travel. Having passed its zero point, it is making 
horizontal-deflection plate H-2 positive with respect to 
H-1, so that the spot is positioned to the right of the 
vertical axis reference line, Furthermore, the wave is. 
still above the horizontal axis reference line and verti- 
cal-deflection plate V--1 is still positive with respect to 
V-2, so that the spot positions are still above the hori- 
zontal axis. During the time that the wave is passing 
through its second quarter-cycle, the rotor arm is pass- 
ing through the second half of its first complete revo- 
lution and new spot positions occur as seen by points 
38-2, 10-6, and 12-10, and as the wave reaches zero volt- 
age again, designated as 74 in Fig. 9-2, the rotor arm is. 
at ~14; the final spot reached is 14-14, as seen in Fig. 
97. 

At this instant, the rotor arm moves from —14 to 
+14, which means that the sweep goes back to its ori 
inal starting point and makes horizontal-deflection 
plate 11-1 14 units positive with respect to H-2 and 
brings the spot back to the 0-14 position, as shown in 
Fig. 9-7. If you can view this return from the ~14 tap 
to the +14 tap on the potentiometer rotor as taking 
place in an extremely small interval of time, it ean be 
said that the: no time lost between the movement of 
the horizontal sweep from spot 14-14 in Fig. 9-7 to spot. 
0-14 іп the same figure, with respect to the continued 
motion of the wave. (In actual practice, when using 
electronic swecps, some time is always lost and this los 
in time is evident in the oscillographic waveform: 
cluded herein.) According to the sine wave illustrated 
in Fig. 9-2, it now starts upon its half-cycle below the 
zero reference line, When so doing, it makes vertical- 
deflection plate V-2 positive with respect to V-1, so 
that the beam is deflected toward the former plate and 
thus, in conjunction with the horizontal voltage, the 
spot is positioned below the horizontal axis. At the 
same time, the rotor arm, moving on the plus side, also 
positions the spot to the left of the vertical axis. By the 
time the wave has increased in amplitude (in the nega- 
tive direction) to point 16 in Fig. 9-2, the rotor arm 
has moved to tap +10 and the spot is positioned as 
16-10 in Fig. 9-7. During this third quarter-cycle of the 
wave, the rotor arm moves over the entire plus half of 
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the potentiometer, from +14 to 0, and the spot is seen 
to be positioned as 18-6, 20-2, and 21-0. When the 
maximum amplitude is reached during the second al- 
ternation of the wave, the rotor arm has reached zero. 
Since there is no horizontal displacement and there is 
maximum vertical displacement at this latter point, the 
spot is positioned on the vertical axis. The wave now 
starts on its last quarter-cycle while the rotor arm 
starts advancing from 0 to the —14 tap. The sweep 
voltage now makes horizontal-defection plate H-2 
positive with respect to H-Z, so that the spot, for the 
remainder of the sine wave, is positioned below the 
horizontal axis and to the right of the vertical axis. 
The resultant displacement causes the spot to move 
through positions 22-2, 24-6, and 26-10, and when the 
wave reaches its zero voltage point, number 28 in Fig. 
9-2, the rotor arm is at —14 and thus the maximum 
horizontal displacement with zero vertical displace- 
ment positions the spot at 28-14 as seen in Fig. 9-7. 
Continued operation of both the wave and rotor arm 
at these same frequencies repeats the cycle, and the 
recurrent action results in the repetition of the image 
shown. 

Operation of the sweep at a frequency which is twice 
that of the input signal to be observed, when both volt- 
ages start at the time indicated, makes the reproduced 
picture symmetrical about either axis, as seen from 
Fig. 9-7. In other words, those parts of the picture 
above and below the horizontal axis, and also to the 
right and left of the vertical axis, are mirror images of 
each other, In Fig. 9-8A is an actual photograph of the 
pattern on the screen of a cathode-ray tube when the 
‘sweep signal applied to horizontal plates is twice the 
frequency of the sine wave applied to the vertical 
plates. Compare this photograph with the line drawing 
of Fig. 9-7. 














The illustrations show what the reproduced picture 
of an input sine wave will appear like when the start 
of the sweep signal in Fig. 9-2 is made at the +14 tap 
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of the potentiometer at the same time the sine wave 
starts at zero. The photograph at (B) of Fig. 9-8 also 
represents a situation where the sweep frequency is 
equal to twice that of the input sine wave, In this case, 
however, the starting time for one of the voltages has 
changed. If the sine wave of Fig. 9-2 starts at point 7 
instead of point 0, and the rotor arm still starts from 
tap +14, the picture of Fig. 9-8B will result. The same 
picture will be reproduced if the rotor arm starts at 
tap 0 and the sine wave at its point 0. 


Other Frequency Relationships Between 
Sweep and Sine Wave 


In the previous analysis, we illustrated what the re- 
produced signal looks like when the frequency of the 
Sweep was equal to that of the sine wave and also when. 
the sweep frequency was twice that of the sine wave. 
Let us now consider the case where the frequency of the 
sine-wave input is greater than that of the sweep signal. 
We will illustrate the case where the sine wave has a 
frequency equal to twice that of the sweep. In this 
case, the horizontal displacement of the spot occurs 
at a rate or speed which is one-half that of the sine 
wave or vertical displacement. This is the same thing 
as saying that the vertical displacement of the spot is 
twice as fast as the horizontal displacement, 


Sine Wave Frequency Twice Sweep Frequency 

Again we refer to Fig. 9-2 as the source of the basic. 
facts. The drawing of Fig. 9-9 is the illustration of the 
wave reproduced under the above-mentioned fre- 
quency conditions of the two voltages involved. In this 
analysis, the start of the sine wave is at 0 and that of 
the rotor arm at +14 tap. Now, the wave under obser- 
vation moves twice as fast as the sweep, which means 
that a complete cycle will occur during the time that 
the rotor arm is passing through one-half of a revolu- 
tion. The result is the presence of two cycles upon the 
screen, as seen in Fig. 9-9. In this connection, we want 
to stress that the number of cycles which appear upon 
the viewing screen is a function of the frequency rela- 
tion between the sweep frequency and the frequency of. 
the wave being observed. 

Since the wave is moving twice as fast as the sweep, 
the first half-cycle of the wave will be spread or swept. 
by the first quarter of a revolution of the rotor arm, or 
one-quarter of the total sweep. This is evident in Fig. 
9-9, where the wave moves through its half-cycle from 
Oto 14, during the time that the sweep moves from +14 
to +7. The second half-cycle of the sine wave is swept 
by the horizontal-defection voltage as the rotor moves. 
from this latter tap to tap 0, so that a complete cycle of 








Fig. 9-9.—The signal (sine-wave) frequency is twice that of 
the sweep, but both signals start from their respective zero 
points. 


sine wave is swept during half of the sweep cycle (that. 
is, half a revolution of the rotor arm). As the rotor arm 
completes its revolution from the 0 tap to the —14 tap, 
the sine wave starts all over again from points 0 to 28. 
‘This results in the reproduction of the second cycle of 
sine wave seen in Fig. 9-9. The placement of the first 
cycle of sine wave is to the left of the vertical axis be- 
cause during this period of time, horizontal-deflection 
plate H-1 is positive with respect to H-2. The second 
cycle appears to the right of the vertical axis because 
during this period H-2 is positive with respect to H-1. 
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A reproduced oscillogram of the conditions repre- 
sented by Fig. 9-9 is shown in Fig. 9-10. Different pat- 
terns will be observed if the starting point of one of the 
voltages changes. The three photographs of Fig. 9-11 
illustrate such a case. In each instance, the frequency 
of the input sine wave to the vertical-deflection plates 

twice that of the sweep voltage. Let us consider the 
potentiometer rotor arm starting at the +14 tap each 
time, Therefore, if the input sine wave is considered as 









Fig, 9-11—Photographs of 
зрее Вас сен where the 
signal frequencies are twice 
Sweep frequencies, but differ in 
their starting phases. 


starting at point 7, then the picture reproduced will be 
that shown in part (A) of Fig, 9-11, If the sine wave 
starts at point 14, then the picture shown at part (B) 
will result; the picture at part (C) appears when the 
sine wave starts at point 21. These same pictures can 
be reproduced with the sine wave starting at zero for 
each case and the rotor arm starting at a different tap 
for each picture. These oscillograms, as well as those 
of Figs. 9-6 and 9-RB, can also be reproduced under 
different starting conditions than those mentioned, 


‘Sweep Frequency Three Times 
Sine-Wave Frequency 

Odd types of pictures result when the frequency of 
the sweep is even greater than twice that of the sine 
wave. In Fig. 9-12 are shown four different pictures 
that can result when the frequency of the sweep is 
equal to three times that of the input sine wave. Assum- 
ing that the sine wave of Fig. 9-2 starts at zero for each 
case, then in order to produce the picture at part (A) 
the rotor arm would have to start at the --14 tap, for 
part (B) the rotor arm would start at the +7 tap, for 
part (C) the rotor arm would start at the 0 tap, and 
for part (D) the rotor arm would start at the —7 tap. 

‘You will note that the photograph of Fig. 9-12A has 
letters next to certain parts of the waveform. These 
letters were inserted in order to illustrate the manner 
in which this waveform is produced. Remember that 
the frequency of the sweep is three times that of the 
input sine wave and that the sine wave starts at point Û 
and the potentiometer rotor arm at the +14 tap (see 
Fig. 9-2). When the rotor arm makes one complete 
revolution from +14 to —14, only one third of the com- 
plete sine wave is traced out ; this is indicated by curve 


206 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


Fig. 9-12.—The frequency of the sweep signal is three times 
that of the input sine wave. The four oscillograms were ob- 
tained by starting the initial position of the potentiometer arm 
(horizontal sweep) at varying points with respect to the sine- 
wave signal. 





a to b in Fig. 9-12A. In the short period of time when 
the rotor arm moves from the ~14 tap to the +14 tap, 
the spot travels very rapidly from b to c. 


Retrace 


This latter period of movement is termed the retrace 
of the sweep signal. Some oscilloscopes may have pro- 
vision for driving the grid of the cathode-ray tube be- 
yond cutoff during this period of retrace time; this 
causes the electron beam, and hence the spot, to dis- 
appear for that time. There are, however, many oscil- 
loscopes that do not use blanking during the sweep 
retrace time and in these units the spot appears as a 
line during sweep retrace. The intensity of this line 
depends upon the speed of retrace. 

Now when the rotor arm starts on its second com- 
plete revolution going again from +14 to —I4, the 
middle third of the sine wave is traced out. This por- 
tion of the sine wave decreases in amplitude somewhat 
linearly from approximately point 8 to 20, as seen in 
Fig. 9-2A. This over-all action causes the spot to trace 
out the curve from c to d of Fig. 9-12A. When the spot 
reaches d, the rotor arm has reached the —14 tap and 
during the time the arm moves from —14 to +14 (the 
sweep retrace), the spot moves very rapidly from d 
to e. During the third complete revolution of the rotor 
arm, the sine wave completes its cycle and the spot 
travels from e to f. That portion of the photo from f. 
to o again illustrates the retrace time. 


Sweep Frequency Four Times 
Sine-Wave Frequency 

The two reproduced photographs illustrated in Fig. 
9-13 indicate two possible pictures when the sweep fre- 
quency is equal to four times that of an incoming sine 
wave. This means that for the d-c sweep of Fig. 9-2, 
the rotor arm must undergo four complete revolutions 
during the time the sine wave completes one cycle. This 
is the same as saying that for each complete revolution 
of the rotor arm, the sine wave traces out one-quarter 
cycle. 


Fig. 9-13—Two cases where the sweep fr 
to four times that of the sine-wave signal 

oscillograms. In (A) both signals started at their respective 
zero points, while in (D) t iready 
pleted one-half rotation before the sine-wave 

plied to the vertical plates. 








The picture at (A) of Fig. 9-13 
tion where the sine wave starts out at point 0 at the 
same time the rotor arm starts out at the +14 tap. 
During the first complete revolution of the rotor arm, 
the sine wave moves from point 0 to 7 and the spot on 
the screen of the cathode-ray tube traces out line a-b. 
During the retrace time of the sweep, the spot travels 
from b to c. During the next revolution of the sweep 
from е +24 tap to the —14 tap, the sine wave traces 
‘out point 7 to point 14. This over-all action causes the 
‘spot to trace out line c-d in Fig. 9-13A. During the next 
sweep retrace, the spot rapidly moves from d to е. For 
the next revolution of the rotor arm, the sine wave 
travels from point 14 to 21 and the spot traces out line. 
e-f. The retrace then causes the spot to move quickly 
to g. During the last revolution of the rotor arm, ће 
sine wave finishes its cycle from point 21 to 28 and the 
spot traces out line g-h as seen in Fig. 9-13A. When the 
rotor arm goes from the —14 to the +14 tap, the spot. 
retraces from h to a and we are now back to the original 
starting position. 

The photograph of Fig. 9-13B indicates the wave- 
form that will be observed when, with the sine wave 
still starting at zero, the rotor arm starts at 0 instead 
ofthe +14 tap. 
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At this time we again repeat that although the bat- 
tery-potentiometer form of time base is not commonly 
used in commercial oscilloscopes, it is here employed 
as a means of establishing the foundation for compre- 
hension of the means whereby the modern sweep cir- 
cuits of different design provide the time base or hori- 
zontal deflection. The figures, which are shown as 
being developed when the sweep frequency is equal to 
half and other submultiples of the frequency of the 
wave under observation, are applicable to all forms of 
‘sweeps of substantially linear character. In other 
words, the sweep voltage should increase and/or de- 
crease linearly with respect to time. The same is true 
of the pattern developed when the sweep frequency is 
some multiple of the frequency of the wave being ob- 
served. This should be borne in mind for, as you shall 
see later, modern sweep circuits are of the electron- 
tube variety, 

Perhaps it is premature to mention it at this time, 
but departure from linearity in the sweep circuit causes 
distortion of the image upon the screen. In other words, 
not a true reproduction of the actual wave applied 
to the deflection plates for investigation. More will be 
said about this subject later in the chapter. 








Simple Mechanical Sweep 

Before advancing to the actual electronic means of 
developing the sweep voltage or time base, it might be 
well to consider another form of a battery-operated 
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sweep voltage. The sweep unit to be discussed can be 
considered as the equivalent of those mechanical 
Sweeps that were used in some of the first types of 
oscilloscopes and is different from that previously de- 
scribed. Mechanical systems are also used to some 
extent in modern equipment requiring very low fre- 
quency sweep, such as certain types of radar and dem- 
onstration umts. In the arrangement described, the 
normal position of the spot is off-center and it is located 
at one end of the tube screen along the horizontal axis, 

A potentiometer P with a continually rotating con- 
tact arm is connected across the battery B of Fig. 
9-14A. The arm can be considered as being connected 
to the shaft of some variable-speed motor so that the 
speed of rotation and hence the frequency of sweep can 
be varied. The design of this potentiometer is such that. 
the arm jumps from the minus to the plus terminal in 
‘an extremely short interval of time (this is the retrace 
time) with respect to the time elapsed during its rota- 
tion around the resistor portion. A photograph of a 
specially designed potentiometer of this type appears 
Fig. 9-14B, A separate supplementary spot-posi- 
tioning battery B-1 is connected as shown, with the 
plus terminal joined to horizontal deflection plate H-2. 
With the polarity of the main battery B connected as 
shown in Fig. 9-14, and with the arm of the poten- 
tiometer set at the positive end as the starting position, 
the action is as follows: 

The negative terminal of battery B-I is grounded 
and since plate H-1 is also grounded, this effectively 
puts battery B-7 across the horizontal-deflection plates 
With the positive terminal of B-1 connected to H-2 the 
beam spot is deflected toward plate H-2 because this 
plate is positive with respect to plate H-1. This posi- 
tions the spot on the horizontal axis, but quite distant 
from the exact center of the screen. As the arm starts 
rotating in the direction indicated, the voltage from 
battery B starts bucking the voltage of battery B-1, and 
the potential difference existing between H-2 and H-1, 
the former positive with respect to the latter, becomes 
less and less; hence the spot moves toward the center 
of the screen away from plate H-2. When the rotor arm 
is about midway between the ends of the potentiometer, 
the bucking voltage offered by battery B can be con- 
sidered as being equal to the voltage of B-1 and, at this 
instant, the spot is about in the center of the screen. As 
the rotor arm continues to move toward the negative 
end of the potentiometer, the voltage offered by battery 
B is such that it more than bucks out the voltage of 
battery B-1, which makes deflection plate H-1 positive 
with respect to H-2, and the spot moves toward H-1. 
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‘At the instant when the rotor arm reaches the most 
negative point on the potentiometer resistance strip, 
H-1 is most positive with respect to H-2; the beam. 
spot has moved the greatest distance from its original 
position and has swept across the screen. At the next 
instant, an extremely small interval of time, as stated 
before, the arm jumps from the most negative point on 
the potentiometer strip to the most positive point on the 
strip and instantaneously returns the spot to its orig- 
inal starting position. If the speed of rotation of the 
arm is sufficiently great, and the rotation is recurrent, 
the trace of the beam spot constitutes a single line 
across the screen, The return sweep which occurs at 
an extremely rapid rate is barely visible, 


Sawtooth Sweep 

The production of time bases that are used for cath- 
ойе-тау tubes in oscilloscopes are, in nearly all cases, 
completely electronic in operation. As mentioned pre- 
viously, there are many different types of time bases 
that exist today, but the one most commonly used in 
oscilloscopes is the linear time base. There are numer- 
ous types of sweep circuits that can produce a linear 
time base, and in this chapter we will study the 
majority of linear sweep circuits that are employed in 
oscilloscopes, 

With electronic sweep circuits, a wider range of 
sweep frequencies is possible than with the mechanical 
type; also the electronic type is much more versatile. 
Many other features, such as lower cost of construc- 
tion, smaller amount of space occupied, and ease of 
operation, also indicate the shift toward electronic 
sweep circuits. In order to produce the electronic 
sweep voltage, some form of oscillatory circuit is in- 
variably used. There are many different types of elec- 
tronic circuits that are used to produce the sweep volt- 
age. When dealing with electronic sweep circuits, it is 
the shape of sweep-voltage waveform which is the im- 
portant characteristic. For most oscilloscopes, this 
sweep-voltage waveform must have a voltage-versus- 
time characteristic, that is, a single straight-line qual- 
ity, which is linear, so that the beam spot travels across 
the screen at a constant speed. 

At this point we would want to know something 
about the waveform of the linear sweep circuit. In 
order to produce an electronic sweep which has a linear 
time base, there is essentially only one type of linear 
sweep voltage that meets all requirements today. A fair 
idea of the shape of this sweep voltage waveform can 
be obtained from studying the simple mechanical sweep 
circuit of Fig. 9-14A from a different angle. 











We already know that this circuit will produce the 
desired linear time base. Therefore, if we can graphi- 





cally illustrate the voltage-versus-time characteristic. 
of the sweep signal applied across the horizontal de- 
flection plates, we will have a good idea of the shape of 
the sweep voltage required by most linear electronic 
sweep circuits. Let us assume that the polarities of the 
batteries in Fig. 9-14A are reversed. This means that 
аз ће rotor arm of the potentiometer revolves in its 
counterclockwise direction, the voltage applied to the 
deflection plates, due to battery B, will be increasing. 
This increase in voltage is at a constant rate because 
of the constant velocity of the rotor arm and is, there- 
fore, linear. A graphical plot of the voltage-versus-time 
relationship is illustrated in Fig. 9-15. At the starting 
point of the rotor arm, the voltage applied, due to bat- 
tery B, is zero. As the arm revolves, the voltage in- 
creases at a constant rate until it reaches a maximum 
at the end of one revolution of the rotor arm, Thi 
maximum voltage is shown as point A in the drawing. 
When the rotor arm completes its revolution, an ex- 
tremely short interval of time elapses for the arm to 
jump from one polarity terminal to the other. This i 
the same as saying that the voltage, after reaching its 
maximum point, collapses to a zero value in this short 
interval of time. This collapse of voltage is illustrated 
by the dashed line from points A to B. This line is 
drawn perpendicularly, indicating the collapsed time 
to be instantaneous, which is only the ideal situation. 
The over-all shape of this sweep voltage, which is in 
the form of a sawtooth wave, is that required from the 
linear electronic sweep circuits that are used today. 

There are quite a few electronic sweep circuits that 
are designed to produce sawtooth waves for use in 
oscilloscopes. These circuits fall into three main cate- 
gories — those of the gaseous (thyratron) relaxation- 
oscillator type, those of the multivibrator type, and 
finally those of the blocking-oscillator type. Of these 
three classifications, the thyratron and multivibrator 
are used most often in commercial cathode-ray oscil- 
loscopes. 
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Fig. 9-16—(A) shows an ideal sawtooth pattern having zero 
retrace time, while (B) shows the drawing of an actual (non- 
ideal) sawtooth signal. 





A drawing of an ideal sawtocth signal, showing five 
cycles of the wave, is illustrated in Fig. 9-16A. The 
heavy diagonal lines indicate the rising voltage char- 
acteristic which sweeps the beam across the screen. 
The perpendicular lines, which are drawn lighter, indi- 
cate the retrace time of the beam spot from its final 
position at one end of the cathode-ray-tube screen back 
to its starting position, The retrace time is also com- 
monly known as the flyback time. The retrace time, or 
flyback time, must occupy a small portion of each cycle 
in order for the sawtooth to be useful as the sweep. If 
the retrace occupies a considerable portion of the time 
of each cycle, the complete waveform under observa- 
tion will not be reproduced. In the photographs of Figs. 
9-5 and 9-11B, the time of the sawtooth retrace is ap- 
preciable enough to prevent the complete sine wave 
from being reproduced. What actually happens is that 
the maximum sweep voltage has been reached before 
the input sinusoidal signal has traced itself out. How- 
ever, the retrace time in these photos is not long enough 
to be objectionable. 

The ideal sawtooth wave is a complex signal made 
up of numerous harmonics. It contains all even and odd 
harmonics of sine terms only.’ The amplitudes of the 


The equation of an ideal sawtooth wave indicating the har- 
monic content is equal to 
E (sins — 4 sin 2r + 4 sin 3e — ¥ sin 4x +... 
CDI sins) 


ls the peak-to-peak amplitude of the signal and » 








where E 
the order 


various harmonics decrease in inverse proportion to 
the number of their harmonic. In other words, the am- 
plitude of the second harmonic is ¥ that of the funda- 
mental, that of the third harmonic is % the amplitude 
of the fundamental, and so on. All the even harmonics 
contain negative sine waves, that is, their waves are 
shifted 180° with respect to those of the fundamental 
and all odd harmonies. 

In the sawtooth wave where the retrace time is not 
zero (as in the actual case), but is some percentage of 
the complete wave, the amplitudes of the harmonics 
do not decrease inversely as the order of harmonic. 
‘The manner of amplitude decrease depends on the per- 
centage of retrace. For retrace times of ten or twenty 
per cent of the nonideal sawtooth period, the ampli- 
tudes of the first four or five harmonics are, in general, 
comparable to those of the ideal sawtooth, However, 
the amplitudes of the higher-order harmonics decrease 
much more rapidly than those of the ideal wave, 





A line drawing of two cycles of a typical sawtooth 
wave appears in Fig, 9-16B. The linear part of the 
e, rising from a to b, often called the trace, sweeps 
the spot across the screen; the part from b to c is the 
retrace, which returns the spot to its original starting 
position. The time for the return of the spot is marked 
off on the drawing and is indicated as the flyback or 
retrace time, 











1f the sawtooth signal takes on the shape similar to 
the drawing of Fig. 9-16A, then the sweep signal is 
said to have very good linearity and a fast retrace time. 
Such type sawtooth waves are always desired because 
they help reproduce the waveform to be observed as 
best a duplicate of the input signal as possible. Any 
defects in the sawtooth wave will show up in the re- 
produced picture. 








Fig. 9-17.— The imperfect sawtooth wave, having a long re- 
trace time, shown in (A) produces the incompleted sine-wave 
pattern shown in (B). 
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Defects in the retrace time and in the trace of the 
sawtooth are equally as common, If the retrace time 
‘occupies a high percentage of the time required to com- 
plete one cycle of sawtooth, as mentioned previously, 
parts of the input wave will not be reproduced. This is 
further illustrated by the two pictures of Fig. 9-17. 
That at (A) is a photograph of the actual sawtooth 
sweep used to reproduce two cycles of a sine wave. The 
reproduced picture is shown by the photograph at (B). 
Because too much time elapsed in the retrace of the 
sawtooth at (A), the sine wave at (B) appears in- 
completed. 

If the rising part of the sawtooth, that part repro- 
ducing the input signal, is not linear, then the signal 
to be observed will not be an exact reproduction of the 
input. This is best illustrated by actual photographs as 
shown in Fig. 9-18. The photo at (A) shows a non- 
linear sawtooth sweep signal and the photo at (B) is 
a sine wave reproduced by the sweep at (A). Note how 
the nonlinearity of the sweep has caused the cycles of. 
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sine wave to become unevenly spaced along the time 
axis. The graphical illustration in Fig. 9-18C is a basic 
method showing how the spot travels across the screen. 
during a nonlinear sweep. The single cycle of sawtooth 
sweep has the nonlinearity of its curve exaggerated to 
better portray the case under discussion. We are as- 
suming that the frequency of sawtooth is constant and 
the divisions along the time axis of the sweep signal are 
all equal to each other. 

At point 0, the very beginning of the sweep, the spot. 
is on the extreme left of the screen. As the sweep ad- 
vances, the spot will move from left to right. If we 
assume that the sweep is at a very low frequency and 
that it is only effective every 34 of the charging time, 
then we can visualize individual spot positions during 
each time displacement. For the first 14 of the cycle, 
the amplitude of the sweep has its greatest increase and 
the spot travels from point 0 to 1. For the next of a 
cycle, the amplitude of the sweep, between points 1 and 
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tion showing the production of two cycles of a 
signals. 
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2, has decreased, and hence the spot has traveled a 
shorter distance. For each succeeding 4 of a cycle, the 
change in amplitude from the previous point to the 
next one is constantly decreasing. Consequently, the 
spots positioned at the right side of the screen will be 
bunched and those at the left side spread out. The 
spreading and bunching of the spots is, however, 
gradual, and there is no specific line of demarcation. 

‘When a sine-wave input is to be reproduced by such 
‘a sweep, the appearance of the picture will be similar 
to that of Fig. 9-18B. It should be remembered that it. 
is the rate of amplitude increase of the sawtooth signal 
that determines the speed of the spot. Therefore, the 
picture of the unequal spot displacement does not de- 
pict unequal time variations as many would believe. 

Before we analyze the various sawtooth-producing 
electronic sweep circuits, we will study various saw- 
tooth waveforms and see how they function in repro- 
ducing sine-wave signal inputs. 
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Graphical Development oí Sine Waves 

In Figs. 9-19, 9-20, and 9-21 are illustrated graphi- 
cal methods of producing one, two, and three cycles, 
respectively, of a sine wave upon the screen of a cath- 
ode-ray tube using a sawtooth sweep. In each drawing, 
part (A) represents the input sine wave to the vertical- 
deflection plates, part (B) the single cycle of sawtooth 
sweep applied to the horizontal-deflection plates, and 
part (C) the pattern that the spot traces out on the 
screen. The pattern caused by the retrace or flyback 
time of the sawtooth is included, 

In these drawings, the voltages are divided into uni- 
form time intervals in order to correlate the repro- 
duced pattern with the applied deflection voltages in a 
similar manner to that of Fig. 9-2. The complete length 
of the time axis of the sine wave at (A), regardless of 
the number of cycles shown, is the same as that of the 
sawtooth at (B) in all three drawings. In each draw- 
ing, the time axis of both deflection voltages is divided 
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into segments of the same amount to allow easier in- 
spection of how the spot traces out the curve. 

In the graphic reproduction of the curves in part 
(C), the following procedure is utilized : 

Perpendicular lines, shown dashed in the drawings, 
are extended from the time axis of the sine waves at 
(A) and the sawtooth waves at (B) until each line 
intersects its respective curve. From these points on 
the individual curves, lines are then drawn at right 
angles from the original perpendicular lines, The direc- 
tion of right angle is such that the newly extended lines 
from each wave will intersect each other. The inter- 
secting points of the lines of the same number represent 
points on the reproduced curve. If enough of these lines 
are drawn, there will be sufficient intersecting points 
to accurately establish the appearance of the repro- 
duced curve. Joining these intersecting points with a 
continuous line will reproduce the curves as shown at 
(C) in the drawings. 
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9-21—A reproduction of three cycles of a sine wave is illustrated in this 
representation. 
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‘The interesting thing about these graphical illustra- 
tions is the effect of the retrace time of the sawtooth 
wave on the reproduced picture. In Figs. 9-19 and 
9-20, the retrace time is 14.3 per cent of the total time 
of one cycle of sawtooth. This means that for each case, 
the reproduced sine wave will only be 85.7 per cent of 
the complete input wave. In Fig. 9-19, the flyback time 
of the sawtooth wave is from point 12 to point 74 along 
the time axis, which means that the part of the repro- 
duced picture (C) between points 12 and 74 repre- 
sents the effects of flyback time. In Fig. 9-20, points 
24 to 28 indicate the flyback time of the sawtooth wave 
and the picture (C) from points 24 to 28 represents the 
effect of the flyback time. The two reproduced waves 
at (C) of both figures indicate that the flyback tis 
makes the wave appear somewhat distorted, besides 
causing incomplete reproduction of the input sine 
wave. 

In Fig. 9-21, the flyback time of the sawtooth is 
approximately 2.4 per cent of the total time of one 












cycle. This means that only 97.6 per cent of the input 
sine wave will be reproduced. The retrace time is from 
points 41 to 42 as seen in parts (A) and (C) of the 
drawing. From these three figures we can see that the 
shorter the retrace time of the sawtooth, the more com- 
plete and less distorted looking will be the reproduced 
patterns. 

Let us now examine the drawings of Fig. 9-22, 
which are chosen to graphically illustrate what hap- 
pens when the sawtooth sweep is nonlinear, The meth- 
xd. of obtaining the reproduced curve is exactly the 
same as in the other figures. The number on the draw- 
ings corresponds to the same time lapse in each case. 
As mentioned previously, the effect of the nonlinear 
sweep is to cause uneven cycles to appear upon the 
screen, as seen in Fig. 9-22C. 

Although three cycles of signal are shown in this 
case, you can easily imagine the effect of a nonlinear. 
sweep upon a single- or two-cycle image. In a single- 
cycle image one of the half-cycles would appear normal 


TO VERTICAL 
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and the other half-cycle would be crowded. In the two- 
cycle pattern, one of the cycles would appear normal, 
whereas the other would be crowded. However, a non- 
linear sweep may permit sufficient observation of the 
character of a waveform. if enough cycles are shown 
upon the screen. This is so, because, as you note, one 
portion of the nonlinear sweep voltage is a fair approxi- 
mation of linearity. Hence with three or four cycles 
upon the screen, those close to the position which is the 
start of the beam may be considered as fairly true rep- 
resentations of the waveform voltage applied to the 
vertical-deflection plates. The sweep-voltage frequency 
in Figs, 9-19 through 9-22 has been kept constant and 
the voltage being observed has heen changed in fre- 
quency, In practice, to obtain a greater number of 
cycles upon the screen, for any one frequency input to 
the vertical-deflection plates, the sweep frequency is 
changed. 

Although we do not definitely tie in the sweep volt- 
age shown in Figs. 9-19 through 9-22 with the basic 
electromechanical sweep of Fig. 9-2, it is to be under- 
stood that the operation of electronic sweeps in tracing 
the patterns is similar to that which has been described 
for the electromechanical sweep consisting of the bat- 
tery voltage and the potentiometer. 


Triangular Sweep 

Some of the first sweep circuits employed a triangu- 
lar-shaped wave to produce the time base. A basic 
drawing of a triangular wave is illustrated in Fig. 9-23. 
When this wave is applied to the horizontal-deflection 
plates as a sweep signal, the horizontal displacement of 
the spot traces itself across the screen during the time 
the wave goes from 1 to B. The so-called flyback or 
retrace time, B to C, of the triangular wave is exactly 
the same as the trace or rise time. This means that the 
spot sweeps back across the screen to its initial starting 
position at the same rate of speed as it advanced. 

A triangular i 

















reproduce the input 
cathode-ray tube. The drawing of Fig. 9-24 makes this 
somewhat clearer. Ig each part of this drawing, A rep- 
resents the input sinusoidal signal applied to the ver- 
tical-deflection plates, B the triangular sweep signal 
applied across the horizontal-deffection plates, and C 
the resultant pattern on the screen. In part (1), the 
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frequencies of the vertical and horizontal signals are 
the same and the resultant wave is an oval or elliptical- 
shaped pattern. In part (2), the frequency of the sweep 
signal is decreased by half (or the input signal fre- 
quency doubled) and the resultant pattern is in the 
form of a horizontally positioned figure eight. 

In parts (3) and (4) of Fig. 9-24, the relative phase 
of the starting time of the two voltages has been 
changed. In part (3), where the frequencies of each are 
the same, the input signal has effectively advanced one- 
quarter of a cycle before the sweep takes effect. The 
resultant signal is seen to be a single line. In part (4), 
where the frequency of sweep is half that of the input. 
sinusoidal signal, the sine wave is also advanced one- 
quarter of a cycle. The reproduced pattern in this latter 
case is seen to be an exact one-cycle reproduction of 
the input signal. Only one cycle appears because the 
same wave is double traced, therefore appearing as a 
single image. 

It is the second half of the triangular sweep pattern 
that keeps this type of a waveform from being useful in 
sweep circuits. The sawtooth sweep is much better be- 
cause its flyback time is negligible, as compared to the 
time required for the second half-cycle of the triangular 
sweep to be completed. 

BELAXATION OSCILLATORS 
In the following sections, we will study various types 


of electronic sweep generators. The major portion of 
the discussion will center around those circuits that are ` 
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‘most commonly used to produce the sawtooth sweep 
voltage. Of these sweep circuits, the relaxation-oscil- 
lator type is one of the most commonly used in modern 
oscilloscopes, as well as in television receivers. The 
term relaxation oscillator has been used for quite some 
time and has taken on a number of meanings. In gen- 
ral, a relaxation oscillator is a generator of distorted 
waveshapes which has its oscillator action controlled 
by the charge and discharge of an inductor or capacitor 
through a resistor. A broad definition such as this en- 
compasses many types of circuits, 

There are three principle types of relaxation oscil- 
lators, namely gaseous-tube relaxation oscillators, 
multivibrators, and blocking oscillators. Gaseous tubes 
are often called soft tubes, wi the multivibrator and 
blocking oscillator employ hard or vacuum-type tubes. 
There are other relaxation-oscillator circuits of the 
hard-tube type but the two mentioned above are the 
most common, In this section, we will study these three 
types of relaxation-oscillator circuits. In practice, when 
the term relaxation oscillator is used, it is often only 
associated with the gaseous-type or multivibrator cir- 
cuit, The blocking oscillator, although fundamentally 
a relaxation oscillator, is not often thought of as such. 
Practically all of the relaxation oscillators that are used 
in oscilloscopes and in television receivers are of the 
capacitor-resistor variety ; these are the types which 
will be discussed. 

In the definition of relaxation oscillators, we stated 
that they are generators of distorted waves. This is in 
contrast with the normal signal generator, wherein 
anything but distorted waves are desired. Further- 
more, the normal electron-tube oscillator develops a 
fundamental frequency determined by the values of 
capacitance, inductance, and resistance in the circuit 
and the order of the harmonics present is kept as low 
as possible. The relaxation oscillator's frequency, how- 
ever, depends primarily upon the product of the capaci- 
tance and the resistance, with high harmonic content 
usually desired. Generally speaking, the írequency 
generated by such relaxation oscillators is increased as 
the capacitance and resistance over which the charge 
and discharge occur are decreased, and is decreased as 
the capacitance and resistance are increased. Similar 
variations in fundamental írequency and, naturally, 
the harmonic frequencies, can be developed, by varying. 
but one of the constants, with the other maintained at 
a constant value. The frequency varies inversely with 
the capacitance and resistance, The exact frequency of 
oscillation depends upon other circuit factors also. This 
will be seen when the individual relaxation oscillators 
are discussed. 





‘There are several reasons why such relaxation oscil- 
lators are better suited as time bases or sweep voltages 
than other types of oscillators. One of the chief reasons, 
as mentioned previously, is that they can produce a 
sawtooth wave which gives us a fairly linear time base 
with a rapid return trace. The brilliance of the return 
trace depends upon the fundamental frequency, for if 
this frequency is very high, the return of the spot, while 
much faster than the original sweep of the spot across 
the screen, may be sufficiently slow to produce a trace. 
A supplementary reason is that a fairly wide range of 
fundamental frequencies may be had with comparative 
ease and also that synchronization between two fre- 
quencies is easily accomplished. In other words, re- 
laxation oscillators can be stabilized and kept constant 
by frequencies which are multiples or submultiples of 
the fundamental. This topic of synchronization is dis- 
cussed in greater detail in Chapter 11. 






means o 
switches $1 and 52, re- 
spectively. 


Capacitor Charge and Discharge Curves 

Since most of the sawtooth relaxation oscillators 
employed in oscilloscopes utilize the basic charging and 
discharging effects of a capacitor through a resistor to 
produce their necessary waveshapes, we will study 
these developments first. In Fig. 9-25 is illustrated a 
series K-C circuit in conjunction with a battery and 
two switches. When switch 57 is closed and 52 is open, 
the charging current of the capacitor through the re- 
sistor is initially at a maximum, and starts to fall to 
zero immediately thereafter. This decrease in charging 
current is at an exponential rate, and if plotted, it will 
take the shape illustrated in Fig. 9-26. 

From this transient curve we see that the maximum 
charging current, which occurs immediately at the time 
switch 57 is closed, is equal to the value of the battery 
voltage E divided by the resistance R. After a period 
of time, the charging current decreases and approaches 
zero? The charging current at the very start of its cycle. 
of charge is considered to be quite linear, and if it de- 
‘creased in this linear fashion, the curve would follow 








"The equation of the charging current is given by the ex- 
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Fig 9-26— Charging current curve of the capacitor showing: 
‘the exponentially decreasing rate with time. 


the path of the straight line as seen in the drawing of 
Fig. 9-26. When the charging time of the actual curve 
has reached point A, which is the zero-voltage point of 
the theoretical hnear charge curve, the amplitude of the 
charging current will have decreased about 63.2 per 
cent of its maximum E/R value. This means that the 
charging current at this time is equal to 36.8 per cent of 
E/R. All these values can be demonstrated mathe- 
matically, but it is beyond the scope of this book. 

At the same time the charging current is decreasing, 
a voltage charge builds up across the capacitor. Thi 
voltage charge increases until it reaches the voltage of 
the battery. The charge on a capacitor, after what is 
considered an infinite amount of time, is equal to the 
voltage applied, multiplied by the value of the capacitor. 
Expressed mathematically, we have Q = CE, where Q 
is the charge, C the capacitance, and Æ the voltage. 
Consequently, the voltage E across the capacitor is 
equal to Q/C. 

‘We mentioned that this will occur after an infinite 
amount of time. Actually, as far as measurements with 
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Fig. 9-27.—Graph of charging voltage across the capacitor, 


the most sensitive instruments are concerned, the 
potential value of Q/C is considered to occur within a 
finite value of time. The charging voltage curve is also 
an exponential function but a rising one. A graph of 
the charging voltage across the capacitor of the series 
R-C circuit of Fig. 9-25 is shown in Fig. 9-27. The 
charging voltage at the instant switch 57 is closed i 
zero, and gradually rises to a value equal to E, the volt- 
age of the battery. 

If the charging curve continued to advance at its 
initial rate of rise, which is considered to be linear, it 
would assume the shape of the straight line in the draw- 
ing. In the time that it takes this theoretical linear 
curve to reach the maximum voltage of E, the actual 
voltage curve, which has an exponential rise, will have 
reached 63.2 per cent of E. 

You will note that along the time axis of both the 
charging current and voltage curves, Figs. 9-26 and 
9-27 respectively, the time to point A is marked off 
with the words “time constant." The time constant is 
the name usually applied to ts to indicate certain 
times of charge and discharge. In the circuit under dis- 
cussion, the time constant is an indicator of how long 
it takes for the charging current to decrease to a certain 
value or the charging voltage to increase to a certain 
value. The time constant for the circuit of Fig. 9-25 is 
equal to the time that it takes each straight-line theo- 
retical curve of Figs. 9-26 and 9-27 to reach its final 
value. 

‘The value of the time constant £, in seconds, can be 
computed from the product of the resistance of R in 
ohms by the capacitance of C in farads.* Thus 


t=RXC. 




















From these charging curves, we see that the time 
constant is an indication of how soon the charging cur- 
rent will decrease to 36.8 per cent of its maximum value 
or how soon the capacitor charging voltage will in- 
crease to 63.2 per cent of its maximum value. Certain 
multiple factors of the value of time constant also tell 
us a few things about the magnitude of charging cur- 
rent or voltage. In a time equal to twice the value of the 
time constant, the charging voltage will have increased 
or current decreased to 86.5 per cent of its maximum 
value ; in a period of three times the time constant, the 
voltage will have increased or current decreased to 
about 95 per cent of its maximum value; and in four 
times the value of the time constant, over 98 per cent 


ЗИ фе capacitor C of Fig. 9-25 were replaced by an inductor. 
L, this circuit would also have a time constant, whic be 
equal to L/R, where L is in benrys, R in ohms, and the time 
‘constant in seconds. 
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of the maximum will have been reached. For all prac- 
tical purposes, we can consider that the maximum 
value of an exponential curve has been reached after 
five time constants have passed. 

Let us refer back to Fig. 9-25. Switch S1 is closed, 
52 is open, and the capacitor is fully charged to the 
potential E. What happens now if switch SY is opened? 
First of all, the battery voltage is no longer effective in 
the circuit. Secondly, the charge on the capacitor is 
maintained, since there is no circuit through which it 
may leak off, However, if switch S2 is closed, the 
capacitor discharges through resistance R. Curves 
representing the discharge of the capacitor are also 
‘of exponential form and have the same time constant. 
The interesting thing about this discharge sequence is 
that the current discharge curve is identical to the cur- 
rent charge curve. In other words, the decay of current 
is such that at the moment switch S2 is closed, the cur- 
rent is maximum and decreases exponentially. 

The discharge of voltage is such that the electric 
charge decays at the same rate as it increased, because 
of the same time constant. The voltage discharge curve 
appears exactly the same as the current curves ; that is, 
they are decaying curves, which is opposite to the 
rising characteristic of the voltage charge curve, The 
factors of time constant also apply to the discharge 
curves as well as the charge curves. A drawing of the 
voltage discharge curve is illustrated in Fig. 9-28. Note 
that the time constant here indicates the time it will 
take the capacitor to discharge 63.2 per cent of its 
maximum voltage. To put it another way, the time con- 
stant indicates when the voltage will have decreased to 
368 per cent of its maximum value. 

‘The exponential curves of voltage charge and dis- 
charge of the capacitor are combined together in Fig. 
9-29 to illustrate their over-all waveshape when the 
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Fig. 9-28.— Voltage discharge curve of the capacitor. 


time constant of charge and discharge is the same 
In this drawing we assume that there is no initial 
charge on the capacitor during the period when switch 
‘S1 of Fig. 9-25 is closed and that the capacitor has just 







CHARGING CURVE. 
SV CLOS! 


DISCHARGING 
«m 


TIME me 


Fig, 9-29—Combined charge and discharge curve of the 
capacitor showing over-all waveshape when charge and dis- 
charge time constants are the same, 


become fully charged at the time switch SI is opened 
and 52 closed. If switch $2 were placed across the 
capacitor instead of across the battery, a completely 
different type of discharge curve would occur because 
the resistance would no longer be in the discharge 
path. If the capacitor ideally had no leakage resistance, 
the discharge curve would be a vertical line similar to 
that in Fig. 9-16A. This presupposes a zero-value time 
constant for discharge, and is an important factor to 
remember, because in actual operation of relaxation 
oscillators, the tube effectively acts as a short across the. 
capacitor during its discharge. Thus, in the succeeding. 
sections on the discussion of sweep circuits, the capac- 
itor alone, not the capacitor and charging resistance, 
will be effectively shorted. 

A point of information relative to the shape of the 
exponential curves of charge and discharge can now 
be made, If the circuit time constant of Fig. 9-25 is in- 
creased or decreased, the slope of the exponential 
curves of charge and discharge will also change. This 
is so because the time constant always represents how 
‘soon the curve in question will increase or decrease to 
632 per cent of its maximum amplitude. If the time 
constant were to remain the same but the supply volt- 
age varied, then the slope of the exponential curve will 
also change because, in each case, the curve must reach 
632 per cent of its maximum voltage in the same 
amount of time represented by the product of R and C. 
This will become more evident later in this chapter. 





{To be more exact, we should deal with charge and discharge 
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With this basic understanding of how a capacitor 
functions relative to its curves of voltage charge and 
discharge, we are now ready to study relaxation- 
oscillator circuits that make direct use of this principle 
in establishing a sawtooth sweep voltage. 


Glow-Tube Relaxation Oscillator 


In order to use the charging and discharging ef- 
fects of a capacitor to help produce a sawtooth sweep, 
some means must be available whereby the capacitor 
can be periodically charged and discharged. The dis- 
charge, however, must occupy a very small part of the 
complete cycle of sawtooth, One of the first types of. 
electronic circuits to employ this principle used a tov 
tube in a relaxation-oscillator circuit. 

Glow tubes, often called glow-discharge tubes, are 
of special design in which the air has been evacuated 
and a small amount of gas inserted. Such tubes do not. 
fall into the so-called vacuum-tube classification be- 
cause of the gas they contai 
termed “soft tubes,” disti 
"bard-tube" classification which is applied to vacuum 
tubes. 

This type of tube requires a certain voltage to be 
applied across it to start it functioning. When this 
voltage is reached, the gas inside the tube ionizes. By 
this we mean that the molecules of gas inside the tube 
are converted into electrified particles, called ions. 
These ions make the tube conductive. When this period 
of ionization, also called the breakdown or ignition 
period, first occurs, it will cause the tube to flash and 
then start glowing. This glow will persist for a while 
even if the potential across the tube drops. However, 
when this potential drops below a certain value, the 
ionization ceases, and the tube again becomes noncon- 
ductive. Once this happens, the tube will again require 
the original voltage to cause ionization and hence 
conduction. 

‘Thus we see that glow tubes have two values of criti- 
cal voltage, namely that upper value causing ioniza- 
tion, called the ionization potential, breakdown poten- 
tial or firing voltage, and the lower value that is the 
minimum required to maintain ionization of the gas 
and is sometimes referred to as deionizing potential or 
extinction voltage. 

With this basic understanding of how a glow tube 
operates, let us now study an elementary relaxation- 
oscillator circuit, using a neon-type glow tube. The 
circuit for this is shown in Fig. 9-30. The resistor R 
and capacitor C are connected in series across the d-c 
voltage source and the neon tube is connected directly 
across the capacitor. Current flows through the re- 












Fig. 9-30.—A typical relaxation oscillator usi 
ی‎ using a neon-type 


sistor, and the capacitor begins to charge up. The volt- 
age across C starts to increase in exponential fashion 
as shown by its charging curve in Fig. 9-31. Normally, 
were it not for the presence of the neon tube, the d-c 
supply voltage would charge the capacitor C to the full 
supply value, but with the tube connected across the 
capacitor, this does not occur. 






DEIONIZING 
VOLTAGE 


НАЯ СІМ 
gio CURVE 





TIME me 


Fig. 9-31.—Voltage-time characteristic for the relaxation 
oscillator shown in Fig. 9-30. 


What happens is that as soon as the charging volt- 
age across the capacitor has reached the breakdown 
potential EZ of the neon tube, the gas inside the tube 
ionizes and it begins to conduct. When this happens, 
and it is an instantaneous action, the tube effectively 
acts as a short circuit across the capacitor (its resist- 
ance during conduction is very low) and the capacitor 
immediately begins to discharge through the tube. If 
point 1 on the charging curve is assumed to occur at 
the breakdown potential of the neon tube, then at this 
point the capacitor C begins to discharge through the 
now-conducting neon tube. 

As the capacitor discharges through the tube, the 
voltage across it will start decreasing. When this volt- 
age decreases to the point where it is just equal to the 
deionizing potential E2 of the neon tube, the tube stops 
conducting. The curve from points 1 to 2 in Fig. 9-31- 
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indicates the discharge of the capacitor from the break- 
down potential of the neon tube to the time when the 
tube becomes nonconducting. When point 2 has been 
reached, capacitor C of Fig. 9-30 stops discharging. 
because the low resistance path of the conducting neon 
tube no longer exists. A voltage charge still remains 
on C, however, equal to the breakdown potential £2 
of the neon tube. Since the d-c voltage source is still 
applied, the capacitor immediately starts to charge 
again. It starts charging, however, from point 2 be- 
cause of the charge it still retains. The charging of the 
capacitor increases until voltage EI is reached once 
again, as shown at point 3 on the curve. At this voltage, 
the gas in the tube instantly becomes ionized and the 
tube once again conducts. Immediately, the capacitor 
stops charging and starts discharging through the neon 
tube once again. It discharges to point 4 on the curve, 
when £2, the lower potential at this point, causes the. 
gas in the tube to deionize and, therefore, the tube be- 
comes nonconducting. 

From point 4, the charge and discharge cycle of the 
capacitor continues as seen in the drawing. The curve 
between the voltage values of E1 and E2 represents 
the sawtooth sweep output from the circuit of Fig. 
9-30. In this circuit, C1 is the output capacitor used to 
couple the sawtooth voltage to any desired circuit, and. 
usually is about 0.5 yf. The difference in potential be- 
tween £1 and E2, the difference between the ionizing 
and deionizing potentials of the glow tube, represents 
the peak-to-peak amplitude of the sawtooth signal. 

When a system of this type is used to supply the 
sweep voltage or time base, the charging voltage, from 
points 2 to 3, 4 to 5, and so on, is that part of the saw- 
tooth signal which sweeps the beam spot across the 
screen; the discharge parts of the signal, points 7 to 2, 
3 to 4, and so on, are the retrace voltages which return 
the spot to its initial starting position, Consequently, 
the output voltage waveform of such a circdit is, in 
effect, a picture of just what is happening during the 
charge and discharge of the capacitor. The glow-dis- 
charge tube serves the purpose of discharging the 
capacitor at a predetermined instant. Just what this. 
stant is in the units which are used in actual practice is 
a matter of design. The discharge at a certain instant, 
with respect to the voltage across the capacitor, bears 
a definite relation, as will be shown, to the frequency 
of the sawtooth signal produced and to the degree of 
linearity. 

Fig. 9-32is an oscillogram of two cycles of the output 
voltage waveform from a neon-tube oscillator circuit 
similar to that illustrated in Fig. 9-30. You can con- 
sider the rising exponential line as the charging cycle, 











Fig. 952—Oscllogram of 
two cycles of the output 

from a neon-tube relaxation or- 
Gillator атеш 


since it indicates the rise in voltage across the capacitor. 
The discharge trace is the steep drop from maximum 
to zero, and is barely visible, This pattern is for a 400- 
cps wave, so that the duration of each cycle is 1/400th 
of a second. You can, therefore, sec that in this case the 
duration of the discharge period is extremely small 
with respect to the charge period, 

If you examine Figs, 9-29, 9-31, and 9-32, you will 
note that the shapes of the discharge curves vary quite 
a bit. In Fig. 9-29, both the discharge curve and the 
charge curve are completed in the same amount of time, 
since the discharge and charge circuits have the same 
time constant. In Figs. 9-31 and 9-32, the period of dis 
charge of the sawtooth wave is seen to be only a small 
part of the charging half-cycle. The discharging por- 
tions of the curves are not the same as the charging 
Portions because the time constant of the circuit of 
Fig. 9-30 is different for the charge and discharge. This 
is a very important point to remember. Let us analyze 
this problem a little more thoroughly and see why this 
is so, 

During the periods of charge, the neon tube is non- 
conducting and represent» a very high resistance in the 
circuit as compared to the resistance of R in Fig. 9-30, 
Consequently, the time constant of the circuit during 
the charging of the capacitor is primarily determined 
by the product of R and C, the high resistance of the 
nonconducting neon tube having very little, if any, 
effect. The value of the time constant, as mentioned 
previously, determines the slope of the charging curve. 
When the ionization potential of the tube has been 
reached, the charging of the capacitor ceases at some 
point along its curve, the tube flashes and becomes con- 
ducting, and the capacitor starts to discharge through 
the tube. 

At this point one may wonder why we say the 
capacitor discharges through the tube without making 
any reference to discharging current flowing through 
resistance R. The tube, which is directly across the 
capacitor, has the property of offering a very low re- 
sistance when the gas in the tube becomes ionized. 
Compared to the resistance of R, which in commercial 
sweep circuits usually has a minimum value of about 
250,000 ohms, the resistance of the conducting tube is 
so low that it virtually appears as a short circuit across 





220 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


the capacitor. As a consequence of this short, the capac- 
itor stops charging and starts discharging. The dis- 
charge current, naturally, takes the path of least re- 
sistance, which is through the tube. 

The time constant of the circuit during discharge 
tells us how fast the capacitor will discharge and its 
effective resistance is primarily dependent upon the 
resistance of the tube during conduction plus the leak- 
age resistance of capacitor C. Since the value of C re- 
mains the same during charge and discharge, the time 
constant during discharge is very much smaller than 
that during charge because in the latter case R is the 
effective resistance and is much greater than the total 
resistance during discharge. This smaller time constant 
means that the capacitor will discharge very rapidly 
compared to the rate of charge. Thus the resultant 
waveshape of the signal output as seen in Figs. 9-31 
and 9-32 is in the form of a sawtooth signal with the 
lischarging part of each cycle, which we term the fly- 
back or retrace, but a small part of the complete cycle. 
As pointed out previously, this flyback time should be 
as short as possible because the greater this flyback 
time the less the amount of input signal reproduced. In 
other words, the discharge time constant of a relaxa- 
tion-oscillator circuit should be as small as possible for 
complete reproduction of the input signal. 

‘The frequency of a relaxation oscillator depends 
upon numerous factors. First of all, the values of re- 
sistor R and capacitor C are the primary determining 
factors, The d-c supply voltage, the ionization or break- 
down potential, and the deionizing potentials are the 
other factors. The frequency of the oscillator can, 
therefore, be varied by changing the value of any one 
of the above-mentioned constants. Let us consider 
variations in capacitance, resistance, and ionizing 
potential and see how they change the frequency of 








oscillations, With the breakdown voltage and the re- 
sistance constant, variation of the capacitor will vary 
the frequency. With the capacitance and breakdown 
potential constant, variation of the resistance will 
change the frequency. The frequency of oscillations de- 
creases with increase of C or R. Actually, the frequency 
is inversely proportional to the product of C and №. 





Capacitor Sichargs tne i negligible in comparison with i 
Charge time, i given bythe relation 
Bai 
RC loge EZET 


This means that the higher the time constant of the 
circuit, the lower the frequency and the lower the time 
constant, the higher the frequency. The variation with 
respect to the breakdown voltage is such that the higher 
the breakdown or ionization or flashing voltage of the 
tube, the lower the frequency ; and the lower the break- 
down voltage, the higher the frequency. 

It is relatively simple to understand why these vari- 
ations in capacitance, resistance, and breakdown volt- 
age vary the frequency. With fixed resistance, fixed 
supply voltage, and fixed capacitance, the time re- 
quired to charge the capacitor to the breakdown voltage 
of the tube is finite. If the breakdown voltage is re- 
duced, the time required to reach this value of charge 
or voltage across the capacitor will be less, hence the 
number of times the capacitor will reach that charge 
and discharge across the tube in a definite time will be 
greater, which means that the frequency will be higher. 
If the breakdown voltage is raised, then the period of 
time required to charge the capacitor to the critical 
voltage will be longer and the number of times the 
capacitor will reach that charge and be discharged by 
the tube in a definite period will be less and the fre- 
quency of the output voltage will be lower. 

With a constant supply-voltage source, fixed re- 
sistor, and fixed breakdown voltage, the variation of 
frequency with capacitance variation is a function of 
time required to charge a capacitor to the proper volt- 
age. The higher the value of capacitance, the greater 
the time required to charge that capacitor to a certain 
voltage, and if this voltage is the critical ionization 
potential, the less will be the number of times that the 
capacitor will be properly charged and discharged in a 
definite amount of time. This means that the frequency 
will be lower. The smaller the capacitor, the less is the 
time required to charge it to a critical voltage and the 
more frequently will this capacitor reach its proper 
charge and be discharged in a definite amount of time. 
Hence, in this case, the frequency will be higher, 

As far as the resistance is concerned, the greater the 
value of the resistor for fixed supply voltage, fixed 
capacitance, and fixed breakdown voltage, the longer 
is the time required to charge the capacitor to the crit 
cal voltage. Hence the number of charges and dis- 
charges is lower in a definite period of time; conse- 
quently, the frequency is lower. The lower the value 
of the resistance, the more rapidly will the capacitor 
receive its required charge in a finite time, and the 
greater the number of charges and discharges ; hence. 
the frequency is higher for a definite time interval, 

What is said here is applicable to all such relaxation 
oscillators, even if they are more complicated than the 
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one illustrated in Fig. 9-30, and even if the fixed or 
variable resistance is replaced by some other device. 

1f you examine Fig. 9-32, you will notice certain 
significant details. Note that the portion of the cycle 
representing the rise in voltage or the charging period 
does not progress at a uniform rate with respect to 
time, That is, the rising voltage is not linear. The 
steepest portion is that which occurs as the charging 
cycle starts. The slope of the curve is greatest here. 
‘Then the slope becomes less and less until, when near- 
ing the maximum amplitude (which means, approach- 
ing the critical voltage), the rise of the charge in the 
capacitor is very little for the few moments before the 
maximum is reached. If this complete rising voltage 
were applied to the horizontal-deflection plates so as to 
‘swing or sweep the spot across the screen, the speed of 
the spot would not be uniform with respect to intervals 
of time. The spot would move fastest at the start ofits 
journey (which means at the start of the capacitor 
charging) and gradually slow down in its rate of travel 
as it approached the other limit of the screen. This was 
graphically illustrated in Fig. 9-18C. 

A relaxation oscillator of this type can be used, but 
it would not be wholly satisfactory because it would 
develop a distorted image upon the screen. Neverthe- 
less it has utility, because a certain portion of the 
charging cycle possesses sufficient linearity to permit 
examination of the pattern upon the screen. Provided 
that a number of cycles of the wave being observed are 
caused to appear upon the screen, the cycle or cycles 
positioned near the start of the spot travel would be 
substantially true images of the waveform being ex- 
amined, 

In connection with linearity of the sweep voltage, 
there aré so many applications of the oscilloscope, 
where quantitative observations are not of prime im- 
portance, that a certain departure from perfect linearity 
is permissible. As a matter of fact, the commercial 
cathode-ray oscilloscopes now available possess sweep. 
circuits which enable observations of various kinds and 
are of extreme value to the industry, yet which are not 
100 per cent linear or not even approaching this value. 
Of course, all of these are more linear than the repre- 
sentation in Fig. 9-32, but they do have a certain de- 
parture from ideal linearity which is not sufficient to 
cause trouble. 

‘The primary reason for the lack of linearity with the 
oscillator shown in Fig. 9-30 is that the use of a fixed 
or even variable resistor of the common type does not 
keep the flow of charging current at a constant rate; 
this requisite must be fulfilled if perfect linearity is to 
be attained, Let us consider basic graphical analysis 





of how a sawtooth sweep can be made more linear. The 
analysis to follow is only theoretical. It assumes that 
the conditions of the relaxation oscillator are such that. 
the supply voltage and time constant of the circuit re- 
main the same and only the ionization potential of the 
tube in question can be varied, 
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9-33.—Appearance of sawtooth wave from a relaxation 
oscillator for different values of the ionizi 1 





The four parts of Fig. 9-33 illustrate the appearance 
of the sawtooth wave under different values of ionizing 
potentials. Curve A shows two cycles of a sawtooth 
wave supposedly developed by a fixed resistor-capac- 
itor discharge tube combination, wherein the tube 
ionizes or flashes at 105 volts. The supply voltage is 
110 volts. From what has been said, it is obvious that 
this type of sweep voltage would be unsatisfactory be- 
cause the ionization potential of the tube is very close 
to the full supply voltage. Let us assume that the verti- 
cal lines indicate time along the horizontal direction 
where each п represents 0.02 second. A half- 
space, therefore, represents 0.01 second. For the first 
0.01 second, the voltage rises approximately 33 volts. 
For the next it rises about an additional 20 volts. For 
the next, it rises by about 14.0 volts more. From the 
time of 0.03 second to 0.04 second the curve rises about 
10.5 volts. For the next 0.01 second or 0.05 second 
after the start of the charge, it rises approximately 8 
volts more, and at this point the charging voltage is 
‘equal to about 85.5 volts. For the remaining equal time 
variations of 0.01 second, this voltage rises in continu- 
ally decreasing steps until the gas in the tube ionizes 
and the discharge occurs at 105 volts, which is 0.1 sec- 
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ond after the start of the charge. (In this particular 
situation, we are assuming an ideal case, where the dis- 
charge is instantaneous from maximum to zero. In. 
actual practice, a certain amount of time would elapse 
for the discharge period, because, as pointed out pre- 
viously, the tube possesses resistance, even when it is 
ionized and the capacitor possesses leakage resistance. 
We are also assuming that the tube does not become a 
nonconductor, that is, has not become deionized, until 
the voltage has reached zero. In practice this is not so, 
as stated earlier in the reference to the upper and lower 
critical values of voltage.) 

Tt is evident that the rate of charge and hence voltage 
increase is very irregular, actually being an exponential 
rise. Since the discharge occurs at 0.1 second after the 
start of the charge, and since we assume the discharge 
to be instantaneous, from maximum voltage to zero, 
then the frequency of curve 4 in Fig. 9-33 is 10 eps. 
‘Suppose we arrange the tube to ionize at 85.5 volts as 
shown at curve B of Fig. 9-33 and leave the charging 
supply voltage, resistance, and capacitance of the cir- 
cuit the same. In such a case as this, the discharge will 
occur after an interval of 0.05 second. Hence the fre- 
quency із 20 cps. The effects of this reduction of ioniz- 
ng potential, from 105 to 85.5 volts, besides increasing 
the frequency, will reduce the amplitude of the saw- 
tooth signal and make the charge portion more linear 
than that at 4. This means that the rate of travel of the 
spot across the sereen will not vary as much as it did 
when the amplitude was greater as a result of using 
most of the charging voltage. It is to be understood 
that the rise in voltage with respect to time is nut yet 
a close approach to being constant, but the change in 
speed from the start to the finish is not as great as be- 
fore. From this we can gather a very important bit of 
information, namely, that if any attempt is made to 
employ the maximum amplitude by utilizing almost 
the full charging voltage, the departure from the re- 
quired linearity is greatly increased. The change in 
frequency also brings to light the fact that under cer- 
conditions, that is, if the adjustments of the sweep 
circuit change the gmplitude very much, it is possible 
to cause a change in frequency of the sweep voltage. 

Suppose that we reduce the breakdown voltage still 
more, say to 53 volts, as in curve C of Fig. 9-33. The 
charge and discharge period now occurs in 0.02 second. 
‘This means that the frequency of the sweep is 50 cps. 
It is obvious that the slope of the voltage curve is a 
closer approach to the ideal straight line than the curves 
of either A or B. The amplitude of wave C is further 
reduced. 








Suppose that we reduce the ionization voltage still 
more, say to 33 volts, as shown in curve D. The charge 
and discharge cycle occurs in 0.01 second, hence the 
frequency has been increased to 100 cps. At the same 
time, the amplitude has been decreased still further. 
However, we are producing what appears to be a 
fairly linear wave. At no time is it possible to produce 
a truly linear wave, unless the control of the charging 
current is such that the flow is kept at a constant rate 
during the entire charging cycle, We have seen how, 
by utilizing a certain portion of the complete charging 
voltage to constitute the charging cycle, we can defi- 
nitely improve the degree of linearity. 

It might be well at this time if we made mention of 
the fact that the voltage values mentioned in connec- 
tion with Fig. 9-33 were purely arbitrary. They do not 
designate the actual charging voltage values employed 
in commercial devices. The similarity, however, be- 
tween these values and commercial equipment lies in 
the fact that the voltage used to charge the capacitor, 
through whatever current-limiting device is used, is 
much greater than the actual voltage developed across 
the capacitor and employed to ionize the gas-discharge 
tube. 








Thyratron Triode Relaxation Oscillator 

We have shown how the neon-type glow tube can be 
used as а sawtooth relaxation oscillator. Such a unit 
is, however, not suitable as the time base in oscillo- 
‘scopes primarily because the ionization voltage of the 
tube cannot be controlled and, therefore, linearity and 
frequency could not be controlled. Many of the saw- 
tooth sweep generators that are employed in oscillo- 
scopes use a thyratron or gas-filled triode tube as the 
sweep oscillator. The basic principles of ionization and 
deionization are also effective here, but the tube grid 
allows some degree of control over the ionization po- 
tential of the tube. 





THYRATRON TRIODE 





Fig. 9-3—Basic cireit of a thyratron triode relaration 
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The thyratron triode consists of a plate, grid, cath- 
ode, and a separate heater element inside a glass enve- 
lope which is air evacuated but contains some inert 
gas. A typical triode thyratron is the type 884, which 
is used in many of today's oscilloscopes. A check of the 
sweep circuits employed by the oscilloscopes in Chap- 
ter 22 will indicate some of the types of gas triodes 
actually used by the different manufacturers, 

A basic circuit of a gas-filled triode relaxation oscil- 
lator is illustrated in Fig, 9-34. The primary difference 
between this circuit and that of Fig. 9-30 is the addi- 
tion of the grid circuit. The grid controls the ionization 
potential of the tube by controlling the number of elec- 
trons flowing from the cathode to the plate of the tube 
before the gas ionizes. With the bias on the grid at a 
certain potential, the voltage on the plate of the tube 
must reach a certain value before the gas in the tube 
will ionize, If the grid is made more negative, it will 
have a stronger control of the electrons emitted from 
the cathode and hence a higher plate potential is re- 
quired to ionize the gas. On the other hand, the less 
negative the grid bias, the lower is the ionizing poten- 
1. Once the gas ionizes and the tube starts conduct- 
ing, the grid loses control. 

The basic cycle of operation of this relaxation oscil- 
lator circuit is very similar to that employing the neon 
tube, As battery B charges capacitor C through re- 
sistor R, the rising potential across this capacitor will, 
at some voltage determined by the grid bias, cause the 
gas in the tube to ionize and the tube will conduct. The 
tube then acts asa virtual short circuit across the capac- 
itor. Thus, at the moment of ionization, the capacitor 
stops charging and starts discharging through the tube. 
‘The discharging will continue until the potential across 
the capacitor, and hence on the plate of the triode, 
reaches a certain value that will cause the gas in the 
tube to deionize. Once this point is reached, the tube 
stops conducting and appears as a high impedance 
across the capacitor ; the capacitor once more begins to 
charge up from the B battery. As soon as the deioniza- 
tion occurs, the grid once more resumes control and its 
bias once again determines the ionization potential of 
the tube and, consequently, the start of the capacitor 
discharge. 

In short, we find that the grid bias controls only the 
ionization or breakdown potential of the tube and not 
the deionization potential, and that the grid bias is only 
effective during the time when the gas in the tube is in 
the deionized state. In the drawing of Fig. 9-34, battery 
C is the bias supply and potentiometer RZ controls the 
‘amount of bias applied to the grid of the tube. The saw- 
tooth voltage output is taken across the capacitor. With 











this type of relaxation-oscillator circuit, the frequency 
of the sawtooth signal can now be varied by changing 
the values of any one of four factors, namely the bias 
on the grid, the capacitance of C, the resistance of R, 
and the voltage of the B battery. Since the bias on the 
tube controls only the ionizing potential, and since the 
deionizing potential remains the same, then variation 
in the bias, besides affecting the frequency of the sweep 
signal, will also vary the amplitude of the sweep signal. 
In practice, potentiometer R1 is fixed, or least the bias 
voltage is fixed, and R and C are usually varied to pru- 
duce the sweep voltage at the required frequencies, The 
value of fixed bias usually selected is the one that will 
produce the best linear sweep signal, Years ago, some 
‘commercial units did employ a potentiometer across a 
bias battery in order to provide an amplitude control 
‘of the sweep signal. Today, a major portion of the os- 
cilloscopes use the power-supply voltage divider as the 
source of the bias voltage, and by properly tapping this 
source, the correct hias is provided. 
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Fig, 9-35.—Simplified schematic of thyratron relaxation os- 
cillator used in present-day oscilloscopes. 


In some cases, a preset potentiometer is employed in 
the power-supply circuit so that adjustinent of the bias 
voltage can always be made in case it is necessary. A 
simplified schematic of a relaxation-oscillator circuit 
as employed in oscilloscopes today is shown in Fig. 
9-35. The cathode of the tube is connected directly to 
‘a low-voltage point in the power-supply circuit. The 
current flows in the supply circuit in the direction indi- 
cated and makes the cathode positive with respect to 
ground. The total resistance of R1 plus the fixed value 
of potentiometer R2 determines the bias on the tube. 
The total value of the current flowing in the supply 
circuit determines the choice of the total resistance of 
RI and R2 because the voltage drop across these two 
resistors is the effective bias on the tube, Resistor RZ 
is inserted to prevent the cathode from being grounded 
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Fig. 9-36.—Experimental circuit of a relaxation oscillator 
using a type 884 gaseous discharge tube. 


when the potentiometer R2 is shorted out of the cir- 
cuit. Thus, resistor RJ assures that there will be some 
voltage on the cathode at all times. Resistor R3 in the 
grid circuit completes the grid-return path to ground. 
The grid is at ground potential, and since the cathode 
is at a positive voltage, the grid is negative with respect. 
to cathode, 

‘An experimental circuit using a type 884 gaseous- 
discharge tube in the form of a relaxation oscillator is 
illustrated in Fig. 9-36, This circuit is typical of those 
employed in many oscilloscopes, except that the bias 
here is obtained from a battery. In this circuit, meas- 
urements were made on the sawtooth voltage output, 
the cathode current, and the frequency of the sawtooth 
for different values of grid bias and plate-supply volt- 
age. For each measurement, pictures were taken of 
either the sawtooth waveform or cathode current, ог 
both. In Table I, the different measurements are shown 
in tabulated form. Symbol E, represents the plate- 
supply voltage, E, is the grid bias, e, is the peak-to- 
peak sawtooth voltage, ey is the peak-to-peak voltage 
across the cathode resistor, iy is the peak-to-peak cath- 
ode current, and fis the frequency of the sawtooth out- 
put. 


TABLE I 

Sı E, , ^ is f 
” ж + o oc 
1 30 35 2 з 1,150 
1 %8 5 5 BÀ ца 
3 300 20 16 310 90 
4 100 35 2 3 280 
5 500 35 2 38 1,900 





‘The 52-ohm resistor in the cathode circuit of Fig. 
9-36 was inserted so that the cathode current could be 
calculated from the measured value of the voltage drop 
across this resistor. (It should be remembered that this. 


calculated current is actually the discharge current of 
the 0.015-4f capacitor.) This resistor also enables us 
to observe the waveform of the discharge current by 
simply observing the voltage waveform across the re- 
sistor. In this case, the voltage waveform observed 
the same as the current waveform because the voltage 
across and the current flowing through a resistor are 
in phase with each other. The cathode resistor had 
very little effect upon the operation of the circuit; 
nevertheless, it was shorted out when the different 
waveform patterns were taken. The switch across this 
resistor in the circuit of Fig. 9-36 is for this purpose. 

The 390-ohm resistor in the plate circuit is usually 
found in most types of gaseous triode sawtooth relaxa- 
tion oscillators. Its purpose is to limit the amount of. 
discharge current that flows from capacitor C through 
the tube to the maximum allowable for the proper 
operation of the tube without harming it. The value of 
this resistor depends primarily upon the type of tube 
used and also upon the maximum amount of discharge 
current. Components R and C determine the time con- 
stant of the circuit. 

For steps 1, 2, and 3 in Table I, the plate-supply 
voltage was held constant at 300 volts and the grid bias 
varied. It is seen that as the negative grid voltage is 
increased, the output sawtooth voltage is likewise i 
creased. This establishes the fact that the variable 
potentiometer in the grid circuit of Fig. 9-36 acts as an 
amplitude control on the output signal, Besides the 
‘output signal, the cathode current is also increased as 
indicated by the increased voltage drop across the cath- 
ode resistor as the bias is made more negative, An i 
crease in grid bias means that the ionization potential 
of the tube is raised. This, in turn, means that when the 
tube ionizes and causes the capacitor to discharge, it 
will do so when the charge on the capacitor has reached 
a higher value. Consequently, the discharging current 
will be higher, as indicated by iy in Table I, 

Measurement of the sweep frequency was made for 
each value of grid bias and was found to decrease аз 
the grid bias was increased. The three photographs, 
(A), (B), and (C) of Fig. 9-37, each indicate the 
sawtooth output waveform taken across capacitor C 
for steps 1, 2, and 3, respectively, as the grid bias is 
increased from —5 volts to —10, and then to —20 volts, 
These patterns are not intended to indicate the fre- 
quency or amplitude difference of the sawtooth output 
but only to compare the linearity of the waves, The 
oscilloscope upon which these waveforms were ob- 
served was adjusted to produce a pattern of three 
cycles for each picture with about the same amplitude 
so that the best comparative analysis of the linearity 
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Fig, 9-37—The sawtooth output waveform is shown for the 
circuit illustrated in Fig. 9-36. The grid bias is progressively 
increased Írom —5 volts in (A), to —10 volts in (B), and to 
72 volts in (C). 








could be made. From these patterns, it is readily con- 
cluded that as the grid bias is increased beyond what 
is termed its safe operating value, the sawtooth wave 
becomes nonlinear. The more negative the bias, the 
greater the nonlinearity in the sawtooth. 

For step 4, the grid bias was returned to its normal 
voltage of —5 volts and the plate supply reduced to 
100 volts, By comparing steps 1 and 4, you will note 
that changing the plate-supply voltage does not pro- 
duce any change in the cathode current iy, or sawtooth 
voltage output €», but only produces a change in the 
frequency of the sawtooth wave. This change in fre- 
quency is such that as the voltage is decreased, the 
frequency is also decreased ; the decrease in the case 
under discussion is from 1,150 cps to 280 cps. The 
output sawtooth wave for step 4 is shown in Fig. 9-38. 
Upon comparison oí this oscillogram and that of Fig. 
9-37A, it is readily apparent that the former picture is 
nonlinear in contrast to the latter. 











In order to understand how a decrease in supply 
voltage will affect the frequency and linearity of the 
sawtooth waveform, let us study the charging curves 
‘of Fig. 9-39. Awhile back we mentioned that if the 
time constant of an R-C circuit remained the same and 


only the supply voltage changed, then the slope of the 
charging curve would also change. This is so because 
the time constant being the same for each curve means 
that the capacitor will become fully charged in the 
same amount of time, no matter what the supply volt- 
age is. In Fig. 9-39, curve A represents the exponential 
charge on the capacitor for supply voltage E1, and 
curve B represents the charging curve for the lower 
supply voltage, E2. Note that each curve reaches its 
maximum voltage in the same amount of time. Since 
the grid bias is the same for each curve, then the gas 
tube of Fig. 9-36 will ionize at the same potential as 
Jong as the supply voltage is always higher than this 
ionizing potential, Therefore, in Fig. 9-39, E3 repre- 
sents the breakdown voltage of the tube and is seen to 
be the same for both curves. £4 is the deionization po- 
tential of the tube and is likewise seen to be the same 
for each curve. Since the difference in voltage between 
the ionizing and deionizing potentials of a thyratron 
relaxation sawtooth oscillator determines the voltage 
of the sawtooth wave, then itis readily conceivable why 
the sawtooth output voltages for steps 1 and 4 of Table 
I are the same. 








gor 


CHARGING. 
VOLTAGE 


TIME — 


Fig. 9-39.— Voltage charging curves for different values of 
the supply voltage. 


Let us now examine both sawtooth waves of Fig. 
9-39 and see how this graphical analysis compares 
with the actual measurements arid photographs taken. 
From the two curves, it is seen that curve A has a 
steeper slope than B. Since ionization for both curves 
‘occurs at the same time, the charging characteristic of 
the sawtooth wave produced by curve A will be more 
linear than that of B. This proves the point that if the 
supply voltage of a relaxation oscillator were lowered 
below normal, the new sawtooth wave would be non- 
linear. Comparing curves A and B once more, it is no- 
ticed that for curve A the charge and discharge during 
the breakdown and deionizing potential of the tube 
occur at a faster rate than those for curve B. Thus we 
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Fig. 9-40.— Sawtooth out- 
put waveform after the sup- 
ply voltage has increased to 
500 volts with the grid volt- 
age remaining at —5 volts. 
(A) shows three cycles of 
the wave, while (B) illus- 
trates one cycle occupying 
the same time-base length as 
the three cycles, 





see that the frequency of the sawtooth produced by the 
wave at B, which is for the lower supply voltage, is 
lower than that of wave A. 

In step 5 of Table I, the grid voltage remains at —5 
volts, but the supply voltage is increased to 500 volts. 
Опсе again we see that the sawtooth output voltage, e,, 
and the cathode current, iy, remain the same as in step 
1. The only thing that has changed is the frequency of 
the sawtooth signal, increasing from 1,150 cps, for a 
supply voltage of 300 volts, to 1,900 eps for the supply 
voltage of 500 volts. A picture of the sawtooth output 
waveform for step 5 is illustrated in Fig. 9-40. That 
photo in part (A) shows three cycles of the wave. Al- 
though not easily detectable, the sawtooth of Fig. 
9-40A is more linear than that of Fig. 9-37A. The rea- 
son for this slight difference in linearity, even though 
the supply voltage has been increased by 200 volts from 
normal, is because there is not much difference in the 
slope of the charge curves between voltages E3 and E4 
when the supply voltage is increased beyond what is 
considered its normal value of operation. In order to 
better illustrate the linearity of the sawtooth wave at 
(A) of Fig. 9-40, one cycle of this wave was made to 
‘occupy the same space as the three cycles and then 
photographed, as seen at (B) of the same figure. 

An important characteristic of the circuit of Fig. 
9-36 is the shape of the cathode current that flows dur- 
ing the discharge periods of the capacitor. Fig. 9-41 is 
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Fig. 9-41,—Oscllogram ofthe cathode current of the circuit 
cof Fig. 9-36 under the conditions of step ia Table L. 


an oscillogram of the cathode current that occurs for 
step 1 of Table I. The peak current of this curve is 
equal to 38 ma. Its frequency, 1,150 cps, is the same as 
the sawtooth for the conditions of step 1. The small gap 
in the base of the curve during each current pulse in 
cates the time of the current discharge of the capacitor, 
which occurs only between the ionization and deioniza- 
tion potentials of the tube. Since the flyback or retrace 
time of the sawtooth wave also occurs only during the 
discharge of the capacitor, then the flyback time of Fig. 
9-37 and the period of each current pulse of Fig. 9-41 
are the same. During the time between current pulses, 
the capacitor charges, By a measurement of the gap in 
the base of the curve of Fig. 9-41 and of the time inter- 
val between current pulses, the time ratio of discharge 
to charge of the capacitor can be determined, 

In order to determine the effect of a higher value of 
the plate limiting resistor, the 390-ohm resistor of Fig. 
9-36 was replaced by one of 10,000 ohms. The cathode. 
resistor was changed to about 400 ohms in order to ob- 
tain a sufficient voltage drop across it for a picture of 
the cathode current, In order to sustain oscillations, the 
resistor R had to be increased to about 1.5 megohms. 
The B+ voltage was set at 300 volts and the grid bias 
at —5 volts. The measured results were as follows: e, 
= 18 volts, e» — 1.2 volts, iy = 3.1 ma; the frequency 
of oscillation f was 600 eps. 

The pictures of the sawtooth voltage output and the 
cathode current are indicated in parts (A) and (B), 
respectively, of Fig. 9-42. The sawtooth voltage at part 
(A) is nota very good sweep wave because the retrace 
time forms an appreciable part of the complete cycle. 
From the cathode current of part (B), we can readily 
measure the ratio of discharge to charge, which is 
about 5 to 18. Thus the discharge portion occupies 











Fig. 9-42. Ovcliogras of the mwvtooth voltage output is 
shown in (A) sod tht of the cathode current fa (B). 
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nearly 22 per cent of the complete cycle which is defi- 
nitely undesirable. 

A point of interest relative to.the oscillograms in 
Figs. 9-37 through 9-42 is that they do not show any 
return trace of the spot. What actually happened is 
that during the retrace time of the sweep that is em- 
ployed in the oscilloscope from which the pictures were 
taken, the control grid of the cathode-ray tube was 
biased beyond cutoff. This biasing action prevents elec- 
trons from the cathode of the tube from reaching the 
screen, This effect is commonly referred to as "blank- 
ing” and will be discussed in detail in Chapter 10. 

In the previous analysis, we indicated what happens 
to the sawtooth output of Fig. 9-36 with different 
values of supply voltage and grid bias. The normal op- 
eration is that represented by step 1 of Table I. In 
order to test the sweep operation of this circuit, the 
values of R and C were made variable. A 5,000-cps 
sine wave was applied to the vertical-deflection plates 
of an oscilloscope and the sawtooth output from the 
relaxation oscillator was applied to the horizontal 
plates to function as the sweep signal. With the normal 
operating potentials on the gas triode, the values of R 
and C were so adjusted that two cycles of the sine wave 
appeared on the screen of the oscilloscope. 





this picture was taken did not employ blanking and 
thus the retrace of the spot is evident. Note that the two 
cycles are not complete and that the return trace occu- 


Fig: 9441n (A) the R 
and C values of the sweep os- 
Gillator were adjusted to re- 


produce three cycles of a 150- 
ps sine wave applied to the 
vertical plates, while (B) 
shows the corresponding saw- 


tooth sweep signal. 





pies a fair part of the picture, In order to produce two 
cycles of a 5,000-cps sine wave, the frequency of the 
sweep, which in our case is that of the thyratron relaxa- 
tion oscillator, should equal 2,500 eps, which is half 
that of the input signal. The sawtooth signal of 2,500 
ps that reproduced the pattern of Fig. 9-43A appears 
in (B) of the same figure. Note that the flyback time 
of each cycle is not as short as might be desired. This 
is the reason why the sine wave at (A) is not com- 
plete reproduced. The photos of Fig. 9-43 should be 
compared with the line drawings at (B) and (C) of 
Fig. 9-20. 

In another test, a 150-cps sine wave was applied to 
the vertical-deflection plates of an oscilloscope and the 
sawtooth output voltage from the oscillator of Fig. 9-36 
applied across the horizontal-deflection plates. The R 
and C values of the sweep oscillator were so adjusted 
that three cycles of sine wave appeared on the oscillo- 
scope screen. A photograph of this reproduced wave 
appears in part (A) of Fig. 9-44. This picture shows 
that the three cycles of sine wave are almost complete 
and that the return trace occupies only a small portion 
of the entire picture. This tells us that the sawtooth 
sweep signal must have a fairly short flyback time. A 
photograph of this sawtooth signal is shown in part 
(B) of Fig. 9-44, Note that the discharging part of 
each cycle has a sharp sloping characteristic. The fre- 
quency of the sawtooth wave is 50 cps because it repro- 
duces only three cycles of the 150-cps sine-wave input. 
If the two photographs of Fig. 9-44 are compared with 
parts (A) and (B) of Fig. 9-21, they will be found to 
be quite similar. 

If you will examine the photos of Figs. 9-43 and 9-44 
once again, you will note that in each case the time oc- 
cupied by the complete picture of the sine waves of 
part (A) is the same as that occupied by one cycle of 
the sawtooth sweep at (B). From the ratio of the num- 





228 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


ber of cycles of the picture at (A) to its corresponding 
picture at (B) for the same amount of time, the fre- 
quency of either signal can be computed once the other 
one is known, 


Checking Linearity of Sawtooth Sweep 


At times it may be desirable to check the linearity of 
the sawtooth sweep signal that is used in many oscillo- 
scopes. Of course, an exact picture of the sweep signal 
would be a fair indication of what the linearity would 
appear like, but it would be difficult to determine the 
degree of nonlincarity. Furthermore if the sweep of 
one oscilloscope is reproduced on another oscilloscope, 
we do not know if the latter unit itself has a linear 


sweep. 


ү 


SQUARE PULSE 
WAVE 
Эл OUTPUT 


Fig. 9-45—An R-C differentiating network showing the 
shape of the input and output pulses. 


A quick and accurate method for checking sawtooth 
sweep linearity is to feed into the vertical plates of the 
cathode-ray tube a very sharp periodic pulse whose fre- 
quency is known, If the spaces between the pulses on 
the screen of the cathode-ray tube are equal, then the 
sweep is linear ; if the pulse spacing is unequal, then the 
sweep is nonlinear. One method of obtaining such a 
pulse is to use a square wave and differentiate it. The 
time constant of the differentiating network determines 
the period of each pulse. The shorter the time constant, 
the sharper is the pulse. Fig. 9-45 illustrates the square- 
wave input to a differentiating network and the desired 
pulse output when the time constant is low. These 
pulses are then applied to the vertical terminals of the 
oscilloscope. 

Without any input to the vertical plates, but with the 
‘sawtooth sweep signal applied to the horizontal plates, 
all that would appear on the screen of the oscilloscope 
‘would be a horizontal straight line as shown in Fig. 9-1. 
From this time base, we have no way of knowing how 
linear the sweep is. The pulses of Fig. 9-45 are equally 
distributed along their time axis. Consequently, if the 
sawtooth sweep is linear, when these pulses are ap- 








Fig. 9-46.—The unequal spacing of the pulse markers shown 
in this photograph indicates nonlinearity of the sweep at 50 cps. 


plied across the vertical-deffection plates they will be 
reproduced in the same equally distributed fashion. 

In a simple experiment, we used a 500-cps square 
wave and produced a series of periodic pulses by the 
arrangement shown in Fig. 9-45. The pulse frequency 
is, therefore, also 500 eps. This pulse output was then 
applied to the vertical terminals of a laboratory oscilli- 
scope that was in good working condition, The sweep 
frequency of the oscilloscope was set to about 50 cps in 
order to test the linearity of the sawtooth sweep of the 
oscilloscope at that frequency. With the 500-cps pulse 
input signal being 10 times greater in frequency than 
the sweep signal, approximately 10 cycles of the pulse 
appear on the screen, A photograph of how these pulse 
markers appear is illustrated in Fig. 9-46. The degree 
of nonlinearity of the sweep can be seen readily by ex- 
amining either the positive or negative pulses. We do 
know that the pulse input is constant in frequency 
so the unequal spacing of the pulses in the photo indi- 
cates that the sweep of the oscilloscope is nonlinear at 
50 cps. Note that the spreading of the pulses is greatest 
at the left side of the photo and bunched on the right 
side. 

The ratio of the spacings between the first two 
positive peaks on the left to between the last two posi- 
tive peaks on the right is about 5 to 2. This means that 
the charging cycle of the sawtooth sweep signal at 50 
eps increases in amplitude at the very beginning of its 
charge at a rate two and a half times as fast as it does 
at the end of its charge. 

Now let us examine the linearity of the sawtooth 
sweep from the same oscilloscope at a higher frequency. 
The frequency of the square-wave input to the differ- 
entiating network and hence the pulse frequency in this 
case was adjusted to 6,000 cps and the sawtooth sweep 
of the oscilloscope was set to 600 cps. The resultant 
pattern appears in Fig. 9-47, Examination of the pulse 
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Fig. 9-47 — Here the pulse markers show relative linearity of 
the sweep frequency at 600 cps; compare this with Fig. 9-46. 


markers on this photograph shows that the markers are 
more evenly spaced indicating that at 600 cps, the 
sweep is more linear than at 50 eps. There is, however, 
a very small degree of nonlinearity at the sweep fre- 
quency of 600 eps, but it will hardly be noticed in the 
production of waveforms 








Ii the square wave or pulse of Fig, 9-45 were recti- 
fied before being applied to the oscilloscope, either the 
positive or negative halí-cycles of the pulse would ap- 
pear as markers. This would make checking the non- 
linearity of the sweep easier to see. In the experiment 
conducted here, a diode rectifier was used, with the 
pulses applied to the plate of the diode. As a result of 
the circuit hookup, the negative pulse peaks were 
clipped and only the positive peaks remained. The ex- 
periments relative to Figs, 9-46 and 9-47 were re- 
peated with the negative peaks of the pulse input 
clipped. The resulting positive markers are illustrated 
in Fig, 9-48A and B, respectively. Note how easy it is 
to check on the linearity of the sweep signal. 

















Some of the commercial oscilloscopes have internal 
provision for a marker system similar to the method 
just discussed, For example, the Du Mont Type 248 
(see Chapter 22) employs a special sine-wave oscil- 
lator which has its output signals clipped and amplified 
to the point where it will be a square wave. The square 
wave is then differentiated into sharp pulses. In this 
system the differentiated signal is clipped and then 
applied as strong negative pulses to the grid of the 
cathode-ray tube. The pulses bias the tube beyond cut- 
off and cause the beam to be blanked out periodically ; 
hence blank spots appear along the pattern, The line- 
arity is checked by determining the horizontal separa- 
tion between blank spots. This oscilloscope, as well as 
most others that incorporate marker systems, has pro- 
vision for changing the repetition rate of the marker 
pulse. 


Practical Thyratron Sweep Circuits 

Before we study the hard-tube circuits, let us ex- 
amine a typical thyratron-triode sawtooth sweep circuit 
oscilloscopes today. The cir- 
9-49. It will be noticed that this 
drawing is not much different from that of Fig. 9-35. 


in its entirety as used 








cuit is shown in Fi 





The bias necessary for the desired joniz 





ion poten 
tial of the tube is obtained from the B supply. The two 
cathode resistors, R7 and R2, establish a positive 
charge un the cathode of the tube from the power sup- 
ply with respect to ground. The grid resistor R3 puts 
the grid at zero or ground potential. The grid is there- 
negative with respect to the cathode. Resistor R4 
is the discharge current-limiting resistor. 


for 





The frequency-determining elements are resistor R 
and RS and whatever capacitor is chosen by the switch, 
The switch represents the so-called coarse frequency 





COARSE 
FREQ. 





Fig. 9-49. Schematic of a typical thyratron-triode sawtooth 
sweep crest. 
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control of the sweep circuit, The potentiometer R oper- 
ates in conjunction with the capacitor chosen, and 
selects the exact frequency of the sawtooth sweep. This 
latter adjustment is, therefore, termed the fine fre- 
‘quency control, The smaller the capacitor selected, the 
Smaller is the time constant and the higher is the sweep 
frequency. 

In this drawing, we have omitted the synchronizing 
circuit ; nevertheless, one does exist in each oscillo- 
scope. The topic of synchronization is discussed in de- 
tail in Chapter 11. 


Multivibrators 


‘The other form of relaxation oscillator that is em- 
ployed in commercial cathode-ray oscilloscopes is the 
well-known multivibrator circuit, Multivibrator cir- 
cuits are used a great deal in radar and television to 
produce different types of waveforms, one of the most 
common being the square wave. Such circuits can also 
be made to produce a sawtooth signal output that can 
be used as the linear sweep in oscilloscopes and tele- 
n receivers. A number of multivibrator sweep cir- 
cuits will be found in the schematic diagrams in the 
commercial cathode-ray-oscilloscope chapter. 

A multivibrator employs two tubes, which may or 
may not be in a common envelope, and which are nor- 
mally resistance-capacitance coupled to each other. 
There are many different types of multivibrators. It is. 
beyond the scope of this hook to completely discuss all 
the different types. Whatever is studied here will have 
some bearing upon the sweep circuits as used in cath- 
ode-ray oscilloscopes. A multivibrator can be made to 
operate by some outside driving source, or it can be 
run freely at a frequency dependent upon its own cir- 
cuit arrangement. In general, multivibrators have two 
basic classifications, namely the continuous, free run- 
ning or recurrent type, and the triggered or driven 
type; each of these classifications is subdivided into 
further types as will be seen later. Both types find ap- 
plication as sawtooth sweep generators in cathode-ray 
oscilloscopes as well as numerous other uses. 

Multivibrator circuits, being a form of relaxation 
oscillator, make use of the charge and discharge of a 
capacitor through a resistance in producing its fre- 
quency of oscillation. The capacitor charge and dis- 
charge curves, as previously discussed, apply as well in 
the following analysis of different multivibrator 
circuits. 








Basic Plate-Coupled Multivibrator 
‘The so-called original multivibrator circuit is essen- 
tially nothing more than a two-stage resistance-capaci- 





Fig. 9-50.— Circoit of a conventional R-C coupled two-stage 
amplifier. 


tance coupled amplifier employing feedback, where the 
‘output from the second stage is coupled back to the in- 
put of the first stage. In Fig, 9-50 we see a typical two- 
stage resistance-capacitance coupled amplifier indicat- 
ing the input and output circuits. The components are 
standard, with K1 and R2 being the grid resistors of 
tubes 17 and V2 respectively, &3 and R4 being the 
plate-load resistors, and C7 and C2 being the coupling 
Capacitors. If we take the output circuit at point B and 
connect it back to the input circuit at point A, we es- 
sentially have the basic plate-coupled multivibrator 
circuit. This type of circuit is illustrated in Fig. 9-51, 
and is drawn in the conventional manner; it is the 
same circuit as that of Fig. 9-50, with the connection 
from B to A completed. This circuit is of the free- 
running type. 

Fach stage of a resistance-capacitance coupled am- 
plifier causes a 180° phase reversal in signal between 
its plate and grid circuit, and there is normally negli- 
gible phase shift by the R-C components between two 
stages. Thus the signal fed back from the plate circuit 
of V2 in Fig. 9-51 to the grid circuit of V1 is in phase 
with the signal already existing at the grid of V1. Con- 


в» 








Fig. 9-5L—Circuit of a symmetrical plate-coupled multi- 
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sequently, we see that the feedback is regenerative, and 
if strong enough, oscillations result. The term plate- 
coupled multivibrator arises from the convention of the 
plate circuit of one tube being coupled to the grid 
‘uit of the other tube. Typical values for a symmetrical 
type of plate-coupled multivibrator operating at a low 
frequency are those indicated in the drawing of Fig. 
9-51. Let us examine this latter circuit and see how it 
operates as an oscillator. 

‘With B+ supply applied to the tubes, the cathodes 
heated, and with initially zero bias, plate and grid cur- 
rent begin to flow in each tube. The initial grid-current 
flow is quite high and the grid-to-cathode resistance is 
considerably lower than that of the grid resistors. Con- 
sequently, as the plate voltages on the tubes increase, 
the capacitors in the circuit begin to charge up through 
their respective plate-load resistors. 

Due to the symmetry of the circuit, the plate currents. 
that initially start to flow in each tube are at first con- 
sidered equal to each other. However, it is impossible 
for the currents to remain the same; because of some 
small circuit dissimilarity always being present, a slight 
difference between the two currents will always exist. 
Itis this slight difference which starts the circuit act 
as a multivibrator. Once the difference in current mani 
fests itself, the circuit functions in such a manner as to 
increase this unbalancing effect. The plate and grid 
voltages and plate currents are indicated in the draw- 
ing of Fig. 9-51 by symbols, The circuit functions as 
follows: 

Let us assume that the initial difference in current is 
such that the plate current ij; of tube V2 becomes 
ightly greater than plate current igs of tube 2. This 
increase in ig, causes the voltage drop across the load 
resistor R3 to increase, thereby causing the voltage, 
é1,at the plate of V1 to decrease. The series combina- 
of capacitor C2 and resistor R2 are in parallel with 
tube 7. Thus, with the voltage across l/1 decreasing, 
the voltage across K2 and C2 also decreases, so that 
when ey, decreases, we actually have a decrease in eji, 
the grid voltage of tube V2. With a decrease in ej, the 
plate current, igs, of V2 will also decrease, causing a 
smaller voltage drop in the plate-load resistor А, апі 
hence a larger voltage, e, at the plate of V2. This in- 
crease in ej, causes an increase in ej, and hence an 
increase in iyi. 

With this latter increase in ipi, we are back to the 
original unbalanced condition, except that now the 
difference in the plate currents is greater than before. 
The cycle of operation starts all over again, until grid 
voltage e, is decreased to the point where ips is re- 
duced to zero and ij, is increased to a maximum. At 



































this point, the plate voltage ey, is a minimum and that 
of eps a maximum, This action described is a continu- 
ous building-up regenerative system that resembles a 
very rapid switching action and can be considered as 
occurring in an almost infinitesimal amount of time. 
We are now at a condition where tube V2 is cut off, 
and tube VJ has maximum conduction which can be 
assumed as the starting condition for the operation of 
the circuit. 

The length of time that tube 72 will be cut off and 
tube I conducting will be the same, and a point will 
be reached where the actions are reversed, that is, V1 
will become cut off and V2 conducting. This latter 
condition exists for the same amount of time as the 
former, and once again 2 will become cut off and V1 
conducting. These actions are continuous and repre- 
sent a rapid switching action where each tube is alter- 
nately conducting and cut off. 

For any one tube to be cut off, the negative bias on 
the grid of the tube must be equal or beyond the cutoff 
voltage of the tube. The charge and discharge of the 
circuit capacitors play the important role in this bias 
operation. In order to better understand the function 
of the capacitors and how this switching action occurs, 
we will study the operation of the circuit in conjunc- 
tion with its current and voltage waveforms. 


Waveforms and Equivalent Circuits 


‘The plate- and grid-voltage waveforms of the sym- 
metrical plate-coupled multivibrator readily indicate 
the action within this circuit. In the following wave- 
form analy order to make the presentation 
clearer, equivalent circuits of the multivibrator of Fig. 
9-51, during periods of capacitor charge and discharge, 
will be employed. In Fig. 9-52 are illustrated the wave- 
shapes of the plate and grid voltages and currents of 
each tube of the multivibrator circuit. The equivalent 
multivibrator circuits for the conditions of charge and 
discharge of each capacitor are shown in Fig. 9-53. In 
the following discussion, continuous correlation should 
be made between the waveshapes of Fig. 9-52 and the 
circuits of Figs. 9-51 and 9-53. 

For our starting conditions, we are assuming that 
tube VI has maximum conduction and V2 has just 
been cut off. This is indicated at time 1 in curves (A) 
and (E) respectively of Fig. 9-52. At this same time, 
the plate voltage of V is, therefore, a minimum and 
that of V2 is rising toward a maximum, as indicated in 
curves (B) and (F) respectively. Since there is no 
longer a voltage drop across R4 due to the plate current. 
of V2, capacitor C1 charges to the B+ voltage. The 
rapid increase in plate voltage of V2, and hence the 
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charging voltage on C1, drives the grid positive and 
causes grid current to flow ; this is shown in curves (C) 
and (D), respectively, of Fig. 9-52. 

‘The charging path of C is through R4 and the grid- 
to-cathode resistance, rg: of tube V1. The equivalent 
circuit is shown in Fig. 9-53A. Grid resistor R1 is 
actually in parallel with r,,, but the value of RZ is very 
large compared with that of ri, so the former may be 
neglected and is, therefore, shown dotted. Although 
the charging voltage is quite high, the positive value of 
the grid voltage ey; i$ limited because of grid-current 
flow through RI. The grid, driven positive, draws cur- 
rent which flows through Ri and develops a negative 
voltage drop across this resistor; this opposes the posi- 
tive voltage due to the charge on C1. After C1 has be- 
come fully charged, plate current ij, levels off to its 
maximum value and plate voltage ey, levels off to its 
minimum value and the grid voltage falls to zero. Note, 
from curves (C) and (D) of Fig. 9-52, that the flow 
of grid current reduces to zero at the same rate as the 





grid voltage reduces to zero. The pips at time 1 of 
curves (A), (B), (C), and (D) of Fig. 9-52, as well 
as the bend in the plate-voltage curve (F), indicate the 
initial charge of capacitor C1. 

At the some instant, point 1, that capacitor C1 starts. 
to charge, capacitor C2, which is already fully charged, 
starts to discharge through the low plate resistance rp; 
of tube 1, and resistor R2. The equivalent circuit dur- 
ing the discharge of capacitor C2 appears in Fig. 
9-53B. The initial discharge current is a maximum and 
causes a maximum voltage drop across R2, biasing V2 
beyond cutoff as indicated at time 1 in curve (G) of 
Fig. 9-52. As capacitor C2 discharges, the current 
flowing through, and hence the voltage across R2, 
decreases exponentially until the grid voltage of V2 
reaches cutoff, as indicated at time 2 in curve (G) of 
Fig. 9-52, and V2 starts conducting. 

At this same time, the instantaneous switching ac- 
tion, described previously, occurs, However, in this 
case, the grid voltage and plate current of tube V2 rise 
to their maximum values, as shown by curves (G) and 
(E), respectively, of Fig. 9-52, and the plate-voltage 
curve (F) decreases to a imum. The functions of 
capacitors CI and C2 reverse; that is, C1 starts dis- 
charging and C2 starts charging. 
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Capacitor C1 discharges through R1 and the plate 
resistance r.of conducting tube V2, as seen from the 
equivalent circuit of Fig. 9-53C. The initial discharge 
current of C1, which is a maximum, causes a voltage 
drop across RI sufficient to drive the grid of V1 well 
beyond its cutoff point. This is indicated at time 2 of 
curve (C) of Fig. 9-52. This means that, at the same 
time, the plate current of I’1 is reduced to zero, shown 
in curve (A), VI become nonconductive, and the 
plate voltage, therefore, increases to a maximum as 
seen in curve (B). 

When the plate current reaches zero, capacitor C2 
charges to the value of the supply voltage. This charg- 
ig voltage on C2 drives the grid of V2 slightly posi- 
tive, so that it draws current, as seen at time 2 in curves 
(G) and (H) of Fig. 9-52, The charging path is 
through resistor R3 and the grid-to-cathode resistance 
ros Of tube V2, The equivalent circuit is shown in Fig. 
9-53D. Grid resistor R2, being in parallel with rg: and 
actually part of the charging circuit, is comparatively 
high, so that it can be neglected and is shown dotted in 
the equivalent circuit, The charging current of C2 also 
prevents plate voltage ey; from reaching its maximum 
value until the capacitor is fully charged and results in 
“pips” on the plate-current, plate-voltage, and grid- 
voltage waveforms at time 2; this is indicated in curves 
(E). (F),and (G), respectively, of Fig. 9-52. 

Capacitor C1 continues to discharge at a decreasing 
exponential rate until the grid voltage e,, of tube V1 
reaches cutoff. This occurs at time 3 on curve (C). At 
this instant, the switching process reverses once again, 
with tube 71 becoming conductive and tube V cut 
off. Capacitor C1 starts charging and C2 discharging. 
Tube 2 is cut off by the initial discharge of capacitor 
C2, Thus, a complete cycle of multivibrator operation 
has occurred, the entire process starts over again, and 
a continuous off-on switching action between the tubes 
results, 

For comparison purposes, we have taken oscillo- 
scope pictures of the plate and grid voltages of the 
plate-coupled symmetrical multivibrator circuit of Fig. 
9-51. A symmetrical or balanced type of multivibrator 
one in which the circuit is completely balanced ; that. 
is, the time constants, tubes used, and applied voltages. 
are the same such that the conducting and nonconduct- 
ing time of each tube are the same. These oscillograms 
are illustrated in Fig. 9-54. The waveshapes of parts 
(A) to (D) are aligned one under the other, so that 
their cycles of operation can be compared. Note how 
the plate- and grid-voltage oscillograms of tube V1, 
parts (A) and (B), compare with the drawings of 
parts (B) and (C) of Fig, 9-52. Also note the point 


























Fig. 9-54.—Oscillograms of the plate and grid voltages of 
the symmetrical multivibrator circuit of Fig. 9-51 


where the grid voltage of Fig. 9-54B has reached its 
cutoff bias value. The waveshapes pictured in parts 
(C) and (D) of Fig. 9-54 are the plate and grid volt- 
ages, respectively, of tube V2. Compare these latter 
two photos with the drawings of Fig. 9-52F and G, 
respectively, An interesting feature about the wave- 
forms of both Figs. 9-52 and 9-54 that you may have 
noticed is that the plate and also the grid waveforms of 
each tube are similar in shape but are 180° out of phase 
with each other. If you were to shift the plate or grid 
voltage of either tube one half-cycle or 180°, these 
waveforms would then be exactly the same as those of 
the other tube. 

In order to see more clearly the charging and dis- 
charging portions of some of these waveforms of Fig. 
9-54, one cycle of each has been expanded on the oscil- 
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Fig, 9-55—One cycle of each of the oscillograms shown in 
Fig. 9-54 has been expanded here to show more clearly the 
charge and discharge portions. 


loscope and then photographed, the pictures of which 
appear in Fig. 9-55. Parts (A) to (D) of this latter 
figure correspond to parts (A) to (D) of Fig. 9-54. 


Asymmetrical Multivibrator 

IE the CI-R1 or €2-R2 time constant in the circuit of 
Fig. 9-51 were changed, then the resulting waveforms 
would not be the same as those of Fig. 9-52. The time 
for completion of the waveshapes from points 1 to 2 of 
Fig. 9-52 would be different than that between points 
2 and 3. These unequal time constants would change 
the charging and discharging periods of the capacitors. 
‘This would result in one tube conducting for a longer 
period of time and the other tube conducting for a 
shorter period of time than for the previous symmetri- 


cal case where both the conduction and nonconduction 
times of each tube are always the same. In other words, 
the period of conduction for each tube would not be the 
same as its cutoff period. Such a circuit is known as an 
asymmetrical or unbalanced multivibrator. 

1f one of the time constants is made smaller, then the 
discharge time of that capacitor will also be smaller. 
Since the discharge of the capacitors in multivibrators 
controls the switching action of the circuit, then if the 
time constant of R2-C2 of Fig. 9-51 is made shorter 
than that of R1-C1, tube V2 will be cut off for a much 
shorter period of time than previously, This means 
that the resulting waveforms of Fig. 9-52 will be such 
that the first half-cycles, between points 7 and 2, will 
have a shorter period, However, the second half-cycle, 
between points 2 and 3, will remain substantially the 
same, since there has been no change in the discharge 
path of CJ. If the time constant of RI-C1 is shorter 
than that of R2-C2, the reverse will be true, and V1 
will be cut off for a shorter period of time. It is obvious, 
then, that changing either R-C time constant will 
change the frequency of the multivibrator, 





Fig. 9-56—Plate- and oval of the wn 
ju. 9.6 Plate: and grd-rltage ойга - 
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In order to indicate the waveforms under such con- 
ditions, we changed the RI-C1 time constant of the 
symmetrical multivibrator circuit of Fig. 9-51 so that 
the circuit became asymmetrical. Resistor RI was 
‘changed to about 500,000 ohms and capacitor C1 re- 
duced to 700 uf. Thus the time constant was changed 
from 0,001 second, or 1,000 microseconds, (1 megohm 
X 0.001 pf) to 350 microseconds (0.5 megohm x 
0.0007 uf). 

A number of oscilloscope pictures of the resulting 
patterns of this asymmetrical or unbalanced multivi- 
rator are illustrated in Fig. 9-56. The waveforms of 
part (A) and (C) indicate the plate voltages of tubes 
V1 and V2 respectively. The grid voltages of these 
tubes under the same condition of a lower R1-C1 time 
constant are shown in parts (B) and (D), respectively. 
Compare the photos of Fig. 9-54 with those of Fig. 
9-56. The positive peaks of plate voltage of photo (A) 
indicate the period of plate-current cutoff of tube V1. 
Thus V1 is not conducting for a shorter period of time 
than it conducts. The period of C1 discharge is smaller, 
too, ted by the exponential rising character- 
istic of the grid-voltage waveform in part (B) of Fig. 
9-86. Since V is now conducting for a relatively 
longer period of time, tube 2 is cut off for that same 
period of time, The longer time constant of R2-C2, as 
compared to that of R1-C1, is illustrated by the expo- 
nential discharge curve of C2 in part (D) having a 
greater period of discharge than that of C1 in part (B). 

If the time constant of R1-C1 is made still smaller, 
tube V/1 will be nonconductive for even a shorter period. 
of time. Tf the time constants of the circuits were inter- 
changed, that is, if R2-C2 were made smaller than 
RI-C1, then tube V2 would be nonconductive for the 
shorter period of time. Under this latter condition, the 
waveforms of (A) and (B) in Fig. 9-56 would repre- 
sent those of tube 72, and those of (C) and (D) would 
befor tube V1. 











Sawtooth Wave Output 

In order to produce a sawtooth voltage waveform 
from a multivibrator circuit, periodic current pulses of 
short time duration are necessary. In this respect, the 
symmetrical multivibrator circuit cannot be used be- 
cause the output waveforms from the plate circuits of 
both tubes have their positive and negative half-cycles 
equal to each other. If the time constant of one tube is 
made smaller than the time constant of the other tube, 
we have the asymmetrical multivibrator, and pulses of 
short time duration are then possible with this circuit. 
According to the photos of Fig. 9-56A and C, the plate 
voltage of tube 1 has its positive pulses of short time 


duration and that of tube V2 of long time duration. 
This means that the plate current of tube V/1 flows for 
a longer period of time, and that of tube V2 for a 
shorter period of time or, as is commonly referred to, 
flows in pulses. The important question at the moment 
is: how do these current pulses help produce a saw- 
tooth wave output? 





Fig. 9.57.—Circuit diagram —— 
бейш тайнем S Pate 


In Fig. 9-57 we see the circuit of a plate-coupled 
asymmetrical multivibrator similar to that used in pro- 
ducing the waveshapes of Fig. 9-56. The only differ- 
ence in the circuit of Fig. 9-57 is in the addition of a 
0.25-nf capacitor, C3, across the plate-to-cathode cir- 
cuit of V2. It is this capacitor, working in conjunction 
with tube 72, that produces a sawtooth wave output. 
The action is based upon the charging of capacitor C3 
to produce the rising part or trace of the sawtooth 
wave, and the discharge of C3 to produce the retrace 
of the sawtooth. The over-all action is very similar to 
that of the thyratron sweep generator of Fig. 9-35. The 
sawtooth-producing action of the circuit of Fig. 9-57 
is as follows: 

Capacitor C3 charges up from the power supply 
through resistor R4. The charge on this capacitor con- 
tinues to build up during the nonconducting period of 
tube 72. As soon as tube 72 starts to conduct, it rep- 
resents a very low resistance across C3. This low re- 
sistance is equivalent to a short across C3 and the 
capacitor begins to discharge through V2. Since the 
conduction period of 2 is short (i.e, its plate current 
flows in pulses of short time duration), the period of 
discharge will be very rapid because this effective 
short-circuit across C3 only lasts for the time that V2 
conducts. 

A picture of the sawtooth wave output is illustrated 
in Fig. 9-58. If the time duration of the plate-current 
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pulses of V2 were decreased still further, the resulting 
sawtooth output would have a flyback time shorter than 
that illustrated. The time constant of the C3-R¢ charg- 
ing circuit determines the slope of the charging curve. 
In order to assure a fairly linear sawtooth output, the 
value of plate resistor R4 is usually made higher than 
that indicated. 


‘Time Constants and Frequency of Oscillation 
The frequency of oscillation of the multivibrator cir- 
cuit is primarily dependent upon the two time con- 
stants of the circuit. This is true even when pentodes 
are used instead of triodes. However, there are slight 
differences in each case which will soon be seen. Let us 
first consider the symmetrical triode multivibrator cir- 
cuit of Fig. 9-51 and the equivalent circuits, under con- 
ditions of charge and discharge, as shown in Fig. 9-53. 
Ina symmetrical multivibrator, all circuit components 
for each tube are usually made equal to each other, in- 
cluding the tube characteristics and applied voltages. 
Under this condition, the equivalent charging circuits 
of Fig. 9-53 (A) and (D) are the same, as are the dis- 
charge circuits of (B) and (C). In the final analysis, 
then, for metrical multivibrator we can consider 
only one equivalent circuit for charging and one for 
discharging. This is indicated in the redrawn equiva- 
lent circuits as shown in Fig. 9-59A and B. In these 
circuits, R, is the plate-load resistor, R, is the grid re- 
sistor, ry the plate resistance of the tube, and ry the 
grid-to-cathode resistance during grid-current flow. 
Many texts refer to the time constants of either tube 
circuit of a multivibrator as being approximately equal 
to the product of the capacitor and associated grid re- 
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Fig. 9-59.—Basic equivalent circuits for the charge and dis- 
charge of 8 aymmetical maluvibrator, 


sistor. However, to be more accurate, we will consider 
the time constants as presented by the equivalent cir- 
cuits of Fig. 9-53 and draw our approximations later 
for triodes and pentodes. 

The time constant during periods of charge T, for a 
symmetrical multivibrator circuit is, as seen from Fig. 
9-59A, equal to Cx Re, where Rs is the total or equi 
lent resistance of the circuit, In the circuit under dis- 
cussion, Rs is equal to the sum of R, and the parallel 
resistance of R, and r,. Expressed mathematically 


n-c( e E). (92) 


During periods of discharge, the time constant Ts 
has a different equivalent resistance, which is equal to 
the sum of grid resistor R, and the parallel resistance 
of R, and rẹ. (These two latter resistances are effec- 
lively in parallel through the low resistance of the B 
supply.) The time constant during periods of discharge 
is, therefore 


т,=с(к,+ ж). (9-3) 


If you examine the waveforms of the symmetrical 
multivibrator of Fig. 9-52, you will note those portions 
of the curves that are labelled “C1 charge” and “C2 
charge” actually do not occupy a complete half-cycle 
‘of waveform. On the other hand, the discharge periods 
of each of these capacitors are the same as one half- 
cycle of the waveform. This is readily seen in curve 
(G) of Fig. 9-52, which indicates that during discharge 
of C2, the first half-cycle of grid voltage of tube V2 is. 
completed ; during discharge of CZ, seen in part (C), 
the second half-cycle of grid-voltage waveform of V1 
is completed. Thus the discharge periods of C1 and C2 
represent a complete cycle of operation. From these 
drawings, we can state that the frequency of oscilla- 
tion of the multivibrator is primarily dependent upon 
the discharge time constants of both capacitors. This. 
statement is not completely accurate, since it neglects 
the charging portion of the curves, but for most ap- 
proximations this may be disregarded. In order to use 
the time constant of equation (9-3) in computing the 
frequency of oscillation, the plate and grid voltages 
have to be taken into account, 

In dealing with a symmetrical multivibrator circuit, 
we can use the same symbols of Fig. 9-51, without 
numerical subscripts, in figuring the frequency of oper- 
ation. Thus e, is the grid voltage, ey the plate voltage, 
and C the capacitor for each tube, Whatever is said 
about one discharge circuit also holds true for the 
other. The discharge-current curve of the capacitor 
decreases exponentially. Therefore, as capacitor C 
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discharges, the grid voltage e, across the grid resistor 
also decreases exponentially and is represented by the 
‘equation 

= Ec ie өз) 
where ¢ represents time, R, the total equivalent resist- 
ance in the discharge circuit, C the discharge capacitor, 
and E the negative voltage to which the grid is being 
driven. equal to the supply voltage E», less the 
equilibrium value of tube plate voltage ey. ( This differ- 
ence, Ey — ey, is the same as the voltage drop across. 
tither plate-load resistor since these resistors are 
equal.) Thus equation (9-4) can now be written 








e= (E-e) Ж. (9-5) 

We can make use of equation (9-5) to obtain an ex- 

Pression for the frequency of operation for the circuit 

of Fig. 9-51. Let us first rearrange the equation by 
dividing both sides by ey. Therefore, we have 





есе). бө 


Now, taking the natural logarithm of both sides of 
equation (9-6), we find® 


logal = loge £a te) 4 oge HE (9-7) 
After simplifying, we have 
oci (P) - Ac (9-8) 


Rearranging equation (9-8), and solving for time 1, 
the result is 


t= RC loge (A=). (9-9) 


Equation (9-9) tells us the time it will take either 
capacitor of a symmetrical plate-coupled multivibrator 
to discharge. Since this equation holds for either capac- 
itor, then twice the value of this equation will be the 
time it will take to complete one cycle of operation. 
Therefore, the total period of time is 





oe rte natural орні MEI PL] 
‘eis equal ‘ti raised to some exponent, as in equation 
logarithm of the complete expression is 


(9-7), then the natural 
Ды! бы шна, Шоо бы бро Ыш ofthe ex 


Equation (9-11) is the expression for the frequency of. 
operation of a symmetrical plate-coupled multivibrator 
circuit. Substituting the equivalent resistance of dis- 
charge from equation (9-3) for R, in equation (9-11) 
wehave 





. (912) 








1 
К, Е, 
ж.) loge ( „ 

Equation (9-12) will apply to a plate-coupled multi- 
vibrator circuit using pentode tubes, especially when 
the plate resistances of the tubes and the plate-lad re- 
sistors are comparable in value to the grid resistors 
For triodes, the plate resistance of the tube is usually 
quite small compared to the plate-lad resistor, so that 
the parallel resistance of Ry and ry is approximately 
‘equal to r, alone. Compared to the grid resistor R, usu- 
ally employed, the value ofr for a triode is quite small, 
so that equation (9-12) for triodes, employed in sym- 
metrical plate-coupled multivibrators, can for most 
approximations be written 


1 
etn. (EZA) 


2C(R, 





1 (9-13) 


For unsymmetrical plate-coupled multivibrators, the 
frequency of operation is different because the values 
of grid resistors, discharging capacitors, plate voltages, 
and grid voltages are no longer equal to each other. For 
unbalanced multivibrators, we also have to deal with 
two time equations similar to equation (9-9) because 
the discharge times of the two capacitors are no longer 
equal. For capacitor C1 of Fig. 9-51, we have to deal 
with the grid voltage ¢,, on tube V1, the plate voltage 
é on tube V2, and a different equivalent discharge 
resistance for each tube. Then for capacitor C1, equa- 
tion (9-9) for asymmetrical multivibrators becomes 





Е, 
= RCs log e! 9-14 
tm FC tog (44) 
and for capacitor C2, equation (9-9) becomes. 
м саго (Ё ES (9-15) 
tn 





In these last two equations, R' is the equivalent re- 
sistance in the discharge path of C1, and R”, the 
equivalent resistance in the discharge path of C2, as 
indicated in parts (C) and (B) of Fig. 9-53, There- 
fore 
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а (RA) (r, 
RY TRU GT Cu) (9-16) 
and 
e (R3) (gı) 
R= 2+ ОКУ DEE (917) 


The frequency of operation of an asymmetrical plate- 
coupled multivibrator can be then written as 


(9-18) 





Substituting equations (9-14) and (9-15) in equation 
(9-18), we have 

1 . 

= oo ee 

I y ( ) 6i loge (E 6) 





n 
(9-19) 


Equation 18 will be true for unbalanced plate-coupled 
multivibrators when pentode tubes are employed. 


Equations 15 and 16 can be substituted for апа Е, 
respectively in equation 18 for a more complete expres- 
sion for the frequency of operation. 

When triode tubes are employed in the asymmetrical 
circuit, the equivalent resistances of equations (9-16) 
and (9-17) can, for most approximations, be simply 
equal to resistors RI and R2, respectively. Under this 
condition, equation (9-19) reduces to 

1 5 
КС, loge (Eze) +оо (20и 
(9.20) 

И the expression (loge E-e) in equations 
(9-11) and (9-13) is approximately equal to unity, 
the general equation (9-11) for symmetrical plate- 
coupled multivibrators becomes 








lc (921) 
and, for triodes, equation (9-13) becomes 
fm (922) 


In like manner, if both natural logarithms of the 
voltage expressions“in equations (9-19) and (9-20) 
are approximately equal to unity, then equation 
(9-19), the general expression for the frequency of an 
unbalanced plate-coupled multivibrator, becomes. 


үс; pas) 
and, for triodes, equation (9-20) becomes 
1 
I" RETR ° fan 


Cathode Coupled Multivibrators 

Another very common type of multivibrator, called 
the cathode-coupled multivibrator, is shown in Fig. 
9-60. It obtains its name by virtue of the common cath- 
ode resistor Ra This multivibrator circuit is used to 
produce different types of pulse waveforms among 
which the square wave is common, However, as in the 
plate-coupled type, this circuit can also be made to pro- 
duce a sawtooth voltage output, 

The circuit of Fig. 9-60 is of the free-running type. 
Most of the symbols used in this drawing are similar 
to that of the plate-coupled multivibrator of Fig. 9-51. 
Let us examine its operation, When the tubes are 
heated and plate voltage is applied to the circuit, both 
tubes conduct and capacitor CZ charges to the supply 
potential. The plate current of both tubes flows 
through the common cathode resistor, making the 
cathodes more positive than ground, thereby causing 
a bias to be effectively applied to both grids, which re- 
duces the current through each tube, Let us assume 
that due to some momentary unbalance in the circuit, 
the plate current of 2 is slightly higher than the plate 
current of tube VJ, The increased plate current igs 
causes a reduction in the plate voltage of tube 72 due 
to the increased voltage drop across R4. This change 
їп voltage is coupled to the grid of 1 via C1, lowering 
the grid voltage and hence the plate current of V1. 
This reduced ig, current causes a smaller voltage drop 
across Ry and hence a less negative bias across V2, 
Thus the plate current of V2 is increased further and 
the plate voltage ep is decreased still more. This oper- 
ation, which is considered to be instantaneous, con- 
tinues until tube V7 is cut off and tube V2 is conduct- 
ing at a maximum, 








Fig. 9-60—Circuit of the malti- 
ie. 9 diagram cathode-coupled 
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Starting from this point of one tube being conductive 
and the other nonconductive, we can easily analyze the 
oscillator action of this circuit in conjunction with 
some waveforms of operation. Thus the plate voltage 
£s, of tube VZ is a maximum (ZI is not conducting 
and ips is equal to zero) and the plate voltage ej of. 
tube V2 virtually a minimum (V2 is conducting and 
ips is a maximum). At this starting point, voltage er 
at the grid of V1 is a maximum negative. and the cath- 
ode voltage e» (across Rs) is approximately a mini- 
mum. 

What actually happens is that when V2 becomes 
conductive and V1 is cut off, capacitor C1 starts to dis- 
charge through resistors Ri and Ry, and the plate re- 
sistance of tube V2, At the start of discharge, the dis- 
charging current is a maximum and a maximum nega- 
tive voltage, well beyond the cutoff bias value of V1, 
exists acroo RI and hence at the grid of V1. The dis- 
charging current decreases exponentially, and as soon 
as the grid cutoff voltage of is reached, ИЈ will start 
conducting. 

Examine the waveforms of Fig. 9-61. That at (A) 


dior cuore 





is the grid voltage e,; of tube V1; at (B) is the plate. 
voltage es; of tube V1; and at (C) is the cathode volt- 
age across resistor Ry. The effective grid bias at V2, 
fa measured between grid and cathode, is the inverse 
of ey and is shown at (D) ;at (E) is the plate voltage 
tpi of tube V2. Point J indicates the time where ey, is 
most negative, hence when C1 has had its initial di 
charge. Since V1 is then cut off, voltage ey, is a maxi- 
mum, and ey is close to its minimum value. The bias on 
V2 is determined only by the voltage drop across Ra; 
therefore, V2 is conducting heavily, reducing eys to a 
low value. 

During the interval from 7 to 2, the current through 
Ra is the plate current of 2 plus the discharge current 
of C1. As the discharge current diminishes, the vortage 
across Ra decreases, lowering the bias ea of tube V2. 
However, the magnitude of the discharge current is 
small compared to that of the V2 plate current, so that 
there is but a small change in the grid bias and plate 
voltage of V2, shown in curves (D) and (E) of Fig. 
9-61. As C1 discharges through R1 and the low plate 
resistance of V2, the cutoff bias of V1 will soon be 
reached. V1 will start conducting, causing a greater 
voltage drop across Ra, which, in turn, will cause a de- 
crease in V2 plate current and an increase in ej The. 
increase in ey, is coupled to the grid of VI through C1, 
driving the grid positive, as indicated at time 2 of curve. 
(A). The plate current of V1 increases further, and 
hence the voltage drop across Ry also increases. This 
instantaneous action is cumulative, reaching a point 
great enough to drive V2 beyond 

is the reverse of ey. Thus, at time 2 in. 
Fig. 9-61, we find 2 cut off and V/1 conducting. 

It should be noted that a given tube cannot cut itself. 
off by means of cathode bias. In this circuit, the two 
tubes are identical and are operated at the same plate 
voltage. Therefore, neither V1 nor V2 can ever cut 
each other off by virtue of cathode bias alone, when that 
bias is the result of plate current flowing through the 
cathode resistor and where the value of that plate cur- 
rent is determined only by the cathode bias. However, 
in the circuit of Fig. 9-60, the increasing plate voltage 
of V2 is coupled to the grid of V1 via capacitor C1, 
driving the grid positive by an amount which is suffi- 
cient to overcome the bias due to the voltage across Ry. 
‘Thus the plate current of is controlled primarily by 
the grid bias due to the charging current of C1, rather. 
than by the cathode bias across Ry. Consequently ips 
increases, causing e, to rise to a value which will drive 
V2 beyond cutoff. 

When the grid of 1 is driven positive, grid current 
flows and capacitor C1 charges through R¢, and also 
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through Ry and the low grid-to-cathode resistance of 
V1, both in parallel with RZ. As C1 charges, the posi- 
tive bias on V/1 decreases exponentially. A point will 
be reached during the charging of C1 where the posi- 
tive bias on VZ will be approximately equal to ea, the 
voltage drop across Ry. This is indicated at time 2a in 
Fig. 9-61, This means that grid current will stop fow- 
ing in V1 because its grid-to-cathode voltage is now 
effectively zero. 

The charging path after point 2a is differeng because 
the low grid-to-cathode resistance of V1 during grid- 
current flow no longer exists. The path is now through 
Rf and RI only. This new time constant of charge after 
point 2a is higher than that for the charge circuit be- 
tween times 2 and 2a. Thus CI continues to charge, 
but at a slower rate, as seen by the grid-voltage wave- 
form of Fig. 9-61. Remember that the grid of V1, 
after time 2a, is positive only with respect to ground, 
but not with respect to its cathode. As ey; decreases 
from point 2a, ij, also decreases, causing a reduction in 
the voltage across Rs. The plate voltage of V2, eps, does 
not rise to the supply voltage because of the voltage 
drop across R4 due to the charging current of C1; this 
is shown in curve (E) of Fig. 9-61. Note that there is 
no coupling from the plate of tube J to the grid of V2 
and only resistor R2 exists between grid and ground of 


V2. Hence the grid is always at ground potential, and 
tube V2 will remain cut off as long as the potential 
across Rs is greater than the cutoff bias of the tube. 

Now a point will be reached where the reduced fps 
flowing through Ry will reduce e, to the point where 
the effective bias on V2 reaches cutoff; this occurs at 
time 3 in curves (C) and (D). When this point 
reached, tube V2 starts conducting, C1 begins to di: 
charge again through V2, and tube J becomes cut off. 
V1 is cut off because the high discharging current of 
CI flows through R1, biasing V1 beyond cutoff. We 
have now completed one cycle of operation of this 
cathode-coupled multivibrator. After point 3 in Fig. 
9-61, the complete cycle repeats itself. 

We have previously explained that two separate 
charging paths have to be considered for the cathode- 
coupled multivibrator of Fig. 9-60, and only one dis- 
charging path. The three equivalent circuits for the 
charging and discharging of C7 are illustrated in Fig. 
9-62. The equivalent discharge circuit is shown at 
(A) iit exists during time J to 2 of Fig, 9-61 (during 
the first half-cycle). At (B) is the charging path of C1 
during time 2 to 2a, which occurs during the period of 
grid-current flow in V1, From time 2a to 3, grid cur- 
rent no longer flows in V1; hence the value of the grid- 
to-cathode resistance r,, is considered to be infinite 
compared to the other resistances in the circuit. Con- 
sequently, гу, ал Ry in Fig. 9-62B are no longer ef- 
fective in the circuit, and the new equivalent charging 
circuit after time 2a reduces to that shown at (C). 








‘Typical Circuits and Oscillographic Waveforms 
Fig. 9-63 illustrates a typical cathode-coupled multi- 
vibrator circuit used today to produce a fairly good 





Fig. 9:63 —Typical commercial cathade-coupled. multivi- 
Seats crt for producing a god square-wave сара ае: 





Fig. 9-64.—Simplified schematic of the circuit of Fig. 9-63 showing the various input and output waveforms. 


square-wave output. The primary difference between 
this circuit and that of Fig. 9-60 is that here series re- 
sistor K5 is inserted in the grid circuit of tube V1. The 
primary purpose of this resistor is to insure good flat- 
topped square-wave output. The resulting waveforms. 
of operation are shown in Fig. 9-64 in conjunction with 
the circuit of Fig. 9-63, but with component numbers. 
and values removed. Waveform (A) is the voltage. 
from the plate of tube 77 to ground, and is considered 
tobea fairly good square-wave output. Waveform (B) 
is from the grid of tube ’1 to ground. The square-wave 
output from the plate circuit of V2 is indicated by 
waveform (C). Compare this waveform with that of 
(B) and note the better squaring of the former. Wave- 
form (D) is taken between the grid of V2 and ground. 
‘An attempt to obtain an oscillogram of the grid-to- 
cathode signal was unsuccessful, caused by stray pick- 
up, apparently due to the fact that the ground lead of 
the oscilloscope was not at the multivibrator circuit 
ground. The voltage waveform across the cathode re- 
sistor is illustrated by pattern (E). This signal is in 
the form of a square wave where the leading edge of 


the positive and negative flat tops (going from left to 
right) has a rising characteristic. Waveform (F) rep- 
resents the signal existing between the junction of re- 
sistors KI and XS and ground. 

For comparison purposes, the resistance of R1 of 
Fig. 9-63 was changed to 22,000 ohms, and a number 
of waveforms were photographed. These oscillograms 
are shown in Fig. 9-65. That at (A) is the output from 
the plate of V2, (B) is the waveform between the grid 
of V1 and ground, (C) is the signal at the plate of V2, 
and (D) the signal between the grid of V2 and ground. 
The voltage across the cathode resistor is shown at 
(E), and (F) indicates the waveform that exists be- 
tween ground and the junction of R1 and R5. Com- 
parison between the waveforms of Figs. 9-64 and 9-65 
readily indicates that if the grid resistor RJ is made 
too low, then the resulting waveforms lose their square- 
wave appearance. All of the oscillograms of Figs. 9-64 
and 9-65 were photographed from: an oscilloscope 
which employed return-trace blanking. 

In the circuits of Figs. 9-60 and 9-63, the frequency 
of operation of the multivibrators is primarily depend- 
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Fig. 9.65—Oscillograms of waveforms produced by the 
multivibrator circuit of Fig. 963, alter the resistor AT was 
Changed o 22000 ohms. 


ent upon capacitor CJ and resistor RI. Changing the 
value of either one of these components will control the 
frequency of operation of the circuit. 

The cathode-coupled multivibrators illustrated thus 
far can be classified as the symmetrical type, because 
the periods of conduction and cutoff for each tube are 
the same and each cycle of the resulting waveforms is 
symmetrical in shape. In order to produce a good saw- 
tooth output, the circuit must be unsymmetrical, simi- 
lar to that of the unbalanced plate-coupled multivi- 
brator. The primary means of accomplishing this un- 
balance with the cathode-coupled multivibrator is to 
employ different load resistors for each tube and/or 
to use different supply voltages. Both of these methods 
are commonly employed. Another possible method of 
establishing these asymmetrical qualities, although not 
used very much, is to employ a different type tube for 
each part of the multivibrator circuit. Besides these 
features, a capacitor is placed across the plate to 
ground of one of the tubes. This is similar to the method 
employed for the plate-coupled multivibrator of Fig. 
9-57. 

‘To obtain a sawtooth wave that has a short flyback 
time, the cutoff time of the tube across which the saw- 
tooth capacitor is placed should be long compared to 
its period of conduction. This capacitor charges up 
from the power supply. When the tube in question 
starts conducting, it offers a low-impedance path to the 
capacitor which then begins to discharge through the 
tube. This low impedance exists only during tube con- 
duction, The charge of the capacitor represents the 


linear portion of the sawtooth output and the period of 
discharge represents the flyback time. The shorter the 
conduction time of the tube is, the smaller is the period 
of capacitor discharge, and hence the less is the flyback 
бте. 

Fig. 9-66 illustrates a typical cathode-coupled multi- 
vibrator used to produce an output sawtooth wave- 
form at a frequency of approximately 15 kc. Such cir- 
cuits are often used as the linear sweep for certain 
television receivers. (15,750 cpsis the horizontal sweep 
frequency used in television receivers.) When resistor 
4 is made variable, it is primarily used to regulate the 
amplitude of the sawtooth output signal, Remember 
that it is this resistor through which capacitor C2 is 
charged. If resistor RI or capacitor C is made vari- 
able, then the frequency of operation of the circuit can 
be controlled. In practice, R is usually made the vari- 
able and in television receivers is often termed the 
“hold” control, 






SAWTOOTH 
OUTPUT 


Fig. 9-66.—Cathode-coupled multivibrator circuit for pro- 
ddacing a 15-Ke output sawtooth waveshape. 


The cathode-coupled multivibrator, when used to 
produce a sawtooth signal in the manner previously de- 
scribed, is often termed the “Potter's sweep circuit, 
after J. L. Potter." Besides being used in television 
receivers, it also finds wide application as the sweep 
circuit for cathode-ray oscilloscopes. A typical cathode- 
coupled multivibrator circuit as used in oscilloscopes 
today is illustrated in Fig. 9-67. This circuit is very 
similar to that of Fig. 9-66 except that we have indi- 
cated those components which are usually made vari- 
able, with their respective values. 

This circuit uses a 6J6 duo-triode tube. Resistor RI 
and capacitor C1 are the primary frequency-determin- 


Potter, J. L. “Sweep Circuit,” Proc. LRE, vol. 
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Fig. 9-67.—A typical cathode-coupled multivibrator circuit. 
used in commercial oscilloscopes. 


ing components and are made variable. The choice of 
CI is actually made by a switch, and not a rotating 
capacitor, and is often termed the "coarse frequency" 
control. You will note that capacitor C2 is also variable 
and is ganged to C7. Capacitor C2 is not a frequency- 
determining component ; its chief function is to help 
shape the sawtooth signal output. As the coarse fre- 
quency is changed, this output capacitor will also be 
changed so that the shape of the output sawtooth sig- 
nal will not vary with changes in frequency. 

Also note that resistor R4 is variable and is ganged 
to resistor RZ. Both of these potentiometers have con- 
trol over the frequency of operation ; this control is, 
however, sharper than that of C1 and is, therefore, 
often termed the "fine frequency" control or “sweep 
frequency vernier” control. Resistor R4 regulates the 





e of wavefc for normal 
e commercial madüvibrator circuit 





voltage on the plate of V2, and, therefore, has a certain 
degree of frequency control, as well as amplitude con- 
trol, of the resulting sawtooth output signal. The gang- 
ing between RJ and R¢# is usually adjusted so that 
when the fine frequency control is varied, the output 
signal will change in frequency only, The circuit as it 
stands now will, with proper choice of C1 from approx- 
imately 0.5 jf to 100 ы}, produce a sawtooth frequency 
‘output anywhere from approximately 5 cps to 60 kc. 

Tn order to indicate the operating conditions in such 
a circuit, a number of oscillographic waveforms were 
photographed as shown in Fig. 9-68. Part (A) repre- 
sents the voltage waveform from the plate of VJ to 
ground. The sharp voltage pulse of this photo indicates 
that tube ИЈ is cut off for only a short period of time. 
This means that tube V2 is cut off for a longer period of 
time and has a plate current that flows in pulses of 
short time duration. The photo at (A), although being 
the voltage waveform at the plate of V1, can also be 
said to represent the picture of plate current for tube 
V2. This plate voltage measures 45 volts peak to peak, 

The photo at (B) is the grid-voltage waveform of 
tube 172. The exponential sloping section of each cycle 
(that part with the slow rise time) represents the grid 
voltage during the charging of capacitor C1 and the 
remainder of the cycle occurs during the discharge of 
the capacitor. This grid voltage measures 40 volts peak 
to peak. During the discharge of C1, the grid is driven 
positive and this positive swing is indicated by the pips 
оп top of the waveform in part (B). The voltage wave- 
form between cathode and ground, measured across 
the 500-ohm cathode resistor, is shown at (C). This 
voltage measures only 6 volts peak to peak, but is 
shown enlarged for the sake of clarity. The voltage 
waveform between the plate of V2 and ground (ie. 
across C2) is indicated at (D) and is seen to be the 
desired sawtooth signal. This output sweep signal 
measures 40 volts peak to peak. 

‘The frequency of operation of the circuit under test 
was approximately 2,000 cps. To calculate the exact 
frequency of oscillations would involve too many cir- 
cuit parameters. However, an approximate computa- 
tion of the frequency can be made by using the follow- 
ing formula suggested by J. L. Potter : 

04 
IRIN 
where R7 and C1 are as indicated in Fig. 9-67. 











(9-25) 


One-Shot or Triggered Multivibrators 
The multivibrators discussed thus far are of the free- 
running type; that is, they do not require any external 





Moc. cit. 
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signal to set them into oscillations. Quite often, a cir- 
Cuit design requires the use of a multivibrator that can 
be initiated into oscillation at specific instants rather 
than having the circuit oscillate at all times. Such cir- 
cuits do exist and are commonly known as one-shot, 
driven, or triggered multivibrators. In brief, such a 
multivibrator requires the use of an external signal to 
produce the desired output signal. Without any exter- 
nal signal applied, the normal operation of the circuit 
is such that one tube of the multivibrator circuit has 
plate current flowing all the time and the other tube is 
always cut off. With the application of an external sig- 
nal, which is usually in the form of a sharp pulse, one 
cycle of multivibrator oscillation occurs, and the circuit 
returns to its original static condition. 





Let us first analyze a one-shot plate-coupled multi 
vibrator, a typical circuit of which appears in Fig. 9-69. 
‘The primary difference between this circuit and that of 
the free-running circuit of Fig. 9-51 is that in the one- 
shot circuit, direct coupling, vía resistor R$, is used 
from the plate of V2 to the grid of 1, instead of capac- 
itive coupling. Without any triggering pulse applied to 
V1, this tube is normally cut off and V2 is normally 
conducting. In this state, a minimum positive poten- 
tial from the plate of V2 is applied to the grid of V1, 
and a high negative bias is applied to V1. The negative 
bias is much stronger than the small positive voltage, 
strong enough to cause V1 to be permanently cut off. 
Remember that when 2 has maximum conduction its 
plate potential is at a minimum, and when V2 is not 
it is cut off) the plate potential is a 





maximum, 

With a positive pulse applied to the grid of V1, 
which reduces the bias enough to drive the grid voltage 
above cutoff, tube 77 will start conducting. Capacitor 


C2, which was previously charged from the B+ supply 
through R3, immediately discharges through the path 
consisting of R2 and the low plate resistance of V1. 
The high discharging current of C2 causes a high nega- 
tive voltage drop across R2, biasing V2 beyond cutoff; 
thus 12 becomes nonconductive. The plate potential on 
V2 in this nonconducting state is a maximum, and 
causes a high enough positive voltage to be applied to 
the grid of 1, via R5, to keep V1 conducting. 

‘The exponentially decreasing discharging current of 
C2 will, after a certain amount of time, reach a value 
where the bias across R2 will no longer cause tube V2 
to be cut off, and at this point V2 starts conducting 
again, When this happens, the plate potential on V2 
decreases to its minimum value, and the fixed negative 
bias on the grid of 77 is then strong enough to drive 
V1 to cutoff. Thus the circuit is back again to its initial 
or normal state of operation, The single trigger pulse 
has brought about one cycle of oscillation of this multi- 
vibrator circuit. In order to initiate further oscillation 
of the circuit, the trigger pulse has to be applied again. 
The output signal is normally taken from the plate 
of V2. 

Besides a positive pulse, it is also possible to have a 
negative pulse trigger a multivibrator. A driven plate- 
coupled multivibrator circuit using a negative trigger- 
ing pulse is illustrated in Fig. 9-70. The primary dif- 
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.9-70.—A driven plate-coupled multivibrator circuit. 
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ference between this circuit and that of Fig. 9-51 is 
that, in the one-shot circuit, the grid resistor of V1 is 
returned to B+ instead of ground. Let us study this 
circuit to see how it operates. In the fixed state of 
operation, that is, without any trigger pulse applied, 
tube V1 is normally conducting and tube V2 noncon- 
ducting. The high negative bias on the grid of V2 pre- 
vents it from conducting and the positive voltage on the 
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grid of 1 keeps V1 conducting. With a negative pulse 
applied to the grid of V1, the plate current flowing 
through the tube will decrease. This means that the 
potential on the plate of the tube will increase. This 
increased positive potential, which is in the form of a 
pulse, is applied to the grid of V via C2. If the increase 
in potential at the plate of V/1 is strong enough so that 
the positive pulse from this plate will, for the moment, 
drive the grid of V2 above its cutoff bias value, 2 will 
start conducting. 

Remember that the incoming negative trigger pulse 
need not cause V1 to immediately cut off. It need only 
be strong enough to cause the resulting increased posi- 
tive potential, which is in the form of a pulse, at the 
plate of V1, to overcome the bias on V/2 so that V2 will 
become conducting. The moment this occurs, capacitor 
C1, which was originally charged from the B+ supply, 
starts to discharge through the low plate-resistance 
path of the now-conducting tube 2, and also through 
the grid resistor RI. The discharge circuit is com- 
pleted through the power supply. The initial high dis- 
charge current of C causes a negative voltage drop 
across RI which is strong enough to buck out the posi- 
tive bias on V7 and to drive this tube beyond cutoff. 
Thus we see that as soon as tube V2 starts conducting, 
tube 71 is cut off and we have the familiar switching 
action. 

‘When V1 stops conducting, the potential on its plate 
increases to a maximum ; this maximum positive ро- 
tential is applied to the grid of 2 via C2 and is strong 
enough to overcome the bias on V2, keeping it in the 
conducting state. As C1 continues to discharge, its ex- 
ponentially decreasing current will, at a point, produce 
a decreased negative voltage drop across R1, which, 
when combined with the positive voltage across RI 
from the plate supply, will cause V1 to start conduct- 
ing again. The moment that V begins to conduct, the 
V1 plate potential decreases, and the high bias on V2 
takes over again with V2 becoming nonconductive. 
The circuit is now back to its original starting condi- 
tions with V1 conducting and V2 being cut off, and 
remains in this state. The initiation of the negative trig- 
ger pulse has caused the multivibrator circuit to pro- 
duce one complete cycle of oscillation. In order to cause 
further oscillation, another negative pulse has to be 
applied to the grid of V1. 

The circuits of Fig. 9-59 and 9-60 can be made to 
produce symmetrical or asymmetrical waveforms (i.e. 
balanced or unbalanced outputs), according to the 
value of component parts and applied voltages. In 
order to produce a sawtooth voltage, a capacitor is 
usually placed across the output of an unbalanced type 








Fig. 9:71 —Schematic diagram of а driven cathode-coupled 
we a a 


of circuit, similar to the previously free-running multi- 
vibrator circuits. In this respect, remember that the 
tube across which the capacitor is placed should be 
conductive for only a small part of each cycle. This, of 
course, is to insure that the sawtooth waveform has a 
small retrace time. 

So much for the triggered type of plate-coupled mul- 
tivibrators. Let us now consider the cathode-coupled 
multivibrator when operated as a one-shot circuit, a 
typical circuit of which appears in Fig. 9-71. This par- 
ticular circuit utilizes a positive pulse to initiate oscil- 
lation. Comparison of this circuit with that of Fig. 
9-60 reveals that the chief difference is in the grid- 
return leads of the tubes. In Fig. 9-71, resistor R2, of 
the frequency determining C2-R2 time-constant net- 
work, is returned to cathode, whereas in Fig. 9-60 the 
resistor, RI in that circuit, is returned to ground. 

Without any external signal applied to the circuit of 
Fig. 9-71, but with the B supply and heaters voltages 
applied, tube /1 is normally cut off and V/2 conducting. 
The grid of tube 72 is normally at zero potential with 
respect to its cathode, because, generally speaking, no 
current flows through resistor R2. However, note that. 
the grid of V1 is at ground potential via resistor R1. 
The plate current of tube 12 flows through the com- 
mon cathode resistor Ry, and the voltage developed 
across this resistor puts a positive potential on the 
cathode of VI with respect to ground, as indicated in 
the drawing. This voltage drop, therefore, acts as the 
bias for tube 1 and is usually high enough to cause 
tube V1 to become cut off. 

Refer to the waveform pictures of Fig. 9-72. Part 
(A) represents the pulse applied to the grid of V1, 
which is used to initiate the multivibrator circuit into 
oscillations. The waveform at (B) is the plate voltage 
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of tube V2, that at (C) is the grid voltage of V2, at 
(D) is the cathode voltage across Ra, and the wave- 
form of the plate voltage of V is indicated at (E). In 
the following analysis of the circuit of Fig. 9-71, con- 
stant reference will be made to these waveforms. 

From time 1 to the start of time 2, no pulse is ap- 
plied to the grid of V1. Thus between these two points, 
the plate voltage of /2 is a minimum due to maximum 
plate current flow as indicated at (B) in Fig. 972. The 
grid voltage of V2 with respect to ground is positive by 
the voltage drop ex across the cathode resistor as indi- 
cated in the drawing at (C). The voltage drop exacross 
cathode resistor Ry is a maximum due to maximum 
plate current of V2 flowing through it. This is indicated 
at (D) of Fig. 9-72 during the time 1 to 2. Since tube 
V 1 is not conducting, its plate voltage is at a maximum 
and equal to the B+ supply. This is indicated at part 
(E) of the waveform diagram. 

Let us now applf a positive pulse to the grid of tube 
V1. The time this pulse is applied is indicated at 2 in 
Fig. 9-72. If this pulse is strong enough to drive the 
grid above its cutoff region, a number of actions occur 
which are considered to be simultaneous. First of all, 
tube V1 starts conducting and the plate voltage de- 
creases as shown at time 2 in part (E) of Fig. 9-72. As 
soon as V1 starts conducting, capacitor C2, which was 

iously charged from the B supply, discharges 
through the low plate-resistance path of the now-con- 








ducting tube 1, and also through resistor R2 to com- 
plete its path. The initial discharge-current flow is a 
maximum and is strong enough to cause a negative 
voltage drop across R2 which biases tube V2 beyond 
cutoff ; see Fig. 9-72C. With tube V2 not conducting, 
its plate voltage increases to a maximum, which is that 
‘of the B+ supply, as indicated in part (B) at time 2. 
The voltage drop across KR, is a minimum, as shown at 
(D), because plate current of V2 no longer flows. 

All this occurs at time 2 in Fig, 9-72, At this time, 
the operation of the tubes is reversed, with VJ now 
conducting and V2 cut off. Tube VJ continues to con- 
duct as long as the negative voltage across R2 keeps 
V2 biased beyond cutoff. As C2 continues to discharge, 
the discharging current decreases exponentially, which. 
means that the voltage drop across K2 decreases and 
hence the bias on 72 also decreases. A point will be 
reached during the discharge of C2 where the bias on 
V2 will reach the cutoff value, and at this time V2 will 
again start conducting. The action just described oc- 
curs during the time interval between 2 and 3 of Fig. 
9-72. Once tube V/2 starts conducting, a number of so- 
called simultaneous actions occur. The current flowing 
through 2 causes a voltage drop across Ry, which 
puts a negative bias on V1, reducing its plate current. 
This reduction of plate current causes the plate voltage 
of V1 to increase; this increase is effectively coupled to 
the grid of 2, increasing the plate current of this tube. 
This means that the voltage drop across Ry will in- 
crease still further. This over-all action is cumulative, 
and a point will be reached where the voltage drop ey 
exceeds the cutoff bias of V1; hence V1 will no longer 
conduct. All these actions occur at time 3 in Fig. 9-72. 
Аз soon as 1 stops conducting, capacitor C2 again 
begins to charge up from the B supply. The effect of the 
charging of C2 upon the waveform is noted in Fig. 
972. 
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If the trigger pulse is no longer applied to the cir- 
cuit, then shortly after time 3 in Fig. 9-72, the circuit 
will return to its fixed operating condition. A trigger 
pulse is always needed to make the circuit oscillate. If 
Continuous oscillation of the circuit is desired, the trig- 
ger pulse should be applied at periodic intervals. To 
indicate this, the pulse of curve (A) is shown in peri- 
odic form and the corresponding circuit waveforms are 
indicated below. 


A slight variation of the one-shot cathode-coupled 
multivibrator of Fig. 9-71 is illustrated in Fig. 9-73. 
In this latter circuit, the grid resistor R2 is returned to 
B+ instead of to the cathode of 2. In the normal con- 
dition, tube 7 is nonconducting and V2 conducting. 
Tube 2 conducts because of the positive bias applied 
to its grid. Its plate current flows through cathode re- 
sistor Ry, thereby biasing both tubes, The choice of Re 
and R2 is such that the positive bias on the grid of V2, 
obtained from the B supply, is high enough to over- 
come the negative bias caused by the voltage drop 
across Ry, so that plate current continuously flows in 
V2, However, the voltage drop across Ry is such that 
it biases tube 17 beyond cutoff. 

‘When a positive pulse is applied to the grid of tube 
V1, having sufficient amplitude to overcome the cutoff. 
bias of the tube, 7 will start conducting and its plate 
voltage will begin to decrease. Since the voltage which 
existed across capacitor C2 cannot change as rapidly 
as the change in plate voltage, this plate-voltage de- 
crease causes a proportional drop in the grid-to-ground 
voltage of V2. This, in turn, causes a decrease in the 
plate current of V2, and, therefore, a decrease in the 
voltage drop across Ry. This further reduces the bias 
оп ИТ, causing its plate current tosincrease still more 
and its plate voltage to decrease. Hence the grid-to- 
ground voltage of V2 will decrease still further. Al- 
though the voltage drop across Ry is being reduced, 
due to the decrease in the plate current of V2, remem- 
ber that the increasing plate current of 1/7 also flows 
through Ry. However, the decrease in the plate current 
of V2 is greater than the increasing plate current of V1, 
Capacitor C2, which was charged from the B supply, 
starts to discharge through the low plate resistance of 
the now-conducting tube 1 and also through Rs and 
R2, All these actions, up to the initial discharge of C2, 
occur simultaneously. The discharge current of C2 
‘causes a voltage drop across R2 which makes the grid 
of V2 more negative than its cutoff value, and V2 no 
longer conducts. 

As C2 continues to discharge, the decreasing dis- 
charge current causes the voltage across R2 to likewise 
decrease. A point is reached where the grid voltage of 


V2 with respect to cathode is above the cutoff value, 
and V2 begins to conduct again. When this happens, 
V1 again becomes nonconductive because of the fol- 
lowing action. The voltage drop across R, increases 
because of the plate current of V2 increasing, the plate. 
current of V1 then decreases, the effective voltage at 
the grid of V2 increases, the current through V2 in- 
‘creases further, and the drop across Ry increases still 
more. This action continues until V/7 is cut off because. 
of the high bias due to the voltage drop across Rx, and 
the circuit returns to its normal state. The waveforms 
of operation are similar to those of Fig. 9-72, 





Fig. 9-74—Circuit of a cathode-coupled multivibrator using 
a negative triggering pulse. 


A cathode-coupled multivibrator circuit which uses 
a negative pulse to trigger the circuit is shown in 
974. In this circuit, two coupling capacitors and grid 
resistors are used, with resistor RJ being returned to 
B+ and R2 to ground, The normal operating condi- 
tions of the circuit are such that the positive voltage on 
V1 via RI keeps it conducting. The plate current of V1 
flowing through Ry is great enough to cause a voltage 
drop across R, such that the bias on V72 is beyond its 
cutoff value and, therefore, V2 is nonconductive. Let 
us examine the operation of this circuit when a nega- 
tive pulse is applied to the grid of tube V1. 

This pulse will cause the plate current of V1 to de- 
crease and its plate voltage to increase. This change in 
plate voltage, which is in the form of a pulse, appears 
as an increased voltage at the grid of V2. The input 
trigger pulse must be strong enough to make the posi- 
tive pulse at the plate of 1/1 of sufficient magnitude to 
overcome the effective bias on V2 and cause the tube 
to conduct. With V2 conducting, its plate voltage is 
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reduced. This reduced voltage is coupled to the grid 
of V1 via C1 and causes a reduction in the voltage be- 
tween the grid and ground of /1 which further reduces. 
the current through this tube. These over-all actions. 
continue until tube із cut off. While this is happen- 
ing, the voltage across Rs also decreases. This is so be- 
cause the increase in plate current of V2 is smaller than 
the decrease in plate current of V1. 

As soon as tube V2 starts conducting, capacitor C1 
starts discharging through the low plate resistance of 
tube 2 and also through RI and R4. The initial dis- 
charge current is a maximum and the voltage drop it 
causes across RI is more than enough to keep VI 
biased beyond cutoff, As CI continues to discharge, the 
bias on V1 will gradually be reduced; when it reaches 
the cutoff value of the tube, 1 will start conducting 
again. When this happens, cumulative variation in the 
plate voltages and currents of each tube occurs, similar 
to that previously discussed, with the result that tube 
V2 once again becomes cut off due to the increase in 
voltage across Ry. Thus we are back to the original 
starting conditions. In order to cause oscillation once. 
again, another negative pulse has to be applied to the 
grid of V2. 

‘Comparison between the one-shot cathode-coupled 
multivibrator of Figs. 9-71 (with the grid of V2 re- 
turned to cathode) with those of Figs. 9-73 and 9-74 
(with the grids returned to B+) brings to light an in- 
teresting feature. In Fig. 9-71, the time-constant net- 
work which determines the frequency of operation is 
R2-C2. The discharge of this capacitor is represented 
by the exponential curve shown in part (C) of Fig. 
9-72, An enlarged portion of this discharge curve is 
redrawn in Fig. 9-75A. If capacitor C2 were to become 
fully discharged, its representative curve would ap- 
proach the cathode potential, as indicated by the dashed 
part of the exponential curve. When the cutoff bias of 
the tube is reached, however, the tube starts conducting 
and the capacitor stops discharging. According to this. 
curve, the capacitor has discharged a major portion of 
its original charge which results in the grid-voltage 
waveform between points 1 and 2 having great curva- 
ture, This means that the cutoff voltage of the tube of. 
Fig. 9-71 is approached very gradually because the 
amplitude of the upper portion of an exponentially 
rising curve changes very little with respect to time. 
Sucha type of multivibrator circuit will not insure very 
accurate timing and frequency stability, because varia- 
tions in tube performance will cause appreciable 
changes in the time at which the discharge curve will 
reach the cutoff voltage of the tube. 
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With the positive-grid return circuits of Figs. 9-73 
and 9-74 this disadvantage does not manifest itself. In 
Fig. 9-73, the chief frequency-determining time con- 
stant is R2-C2 and for Fig. 9-74 it is RI-CI. In each 
circuit, the grid resistor of the time-constant networks 
under consideration is returned to the B supply. Con- 
sequently, as the capacitor discharges, which is usually 
represented by the grid-voltage waveform, it would 
approach the B supply value if it became fully di 
charged. This is best illustrated by the grid-voltage 
curve of Fig. 9-75B. 

As the capacitor discharges, a point will be reached, 
point 4 in the drawing, where the grid voltage will be 
at the cutoff value of the tube and conduction will oc- 
cur, thereby preventing further discharge of the сарас- 
itor. This drawing indicates that only the very begin- 
ning of the discharge curve, between points 3 and 4, 
is effective. This, as you can see, is the most linear part 
of the discharge curve. It means that the cutoff value of. 
the tube is approached very rapidly due to the sharp 
slope of the curve at this point as compared to that of 
curve (A). Therefore, changes in tube performance 
will not cause appreciable changes in the time that the 
discharge curve will reach the cutoff value of the tubes, 
Consequently, we see that for more stable operation, 
it is best to employ the cathode-coupled multivibrator 
with positive-grid return rather than the one with the 
grid returned to the cathode. 

In all of the one-shot or triggered cathode-coupled, 
multivibrator circuits, the use of a capacitor across the 
‘output will produce a sawtooth waveform output. For 
the sawtooth to have a rapid flyback time, the conduc- 
tion time of the tube across which the capacitor is 
placed should be very small compared to its period of 
nonconduction. 

‘One-shot or triggered multivibrators are also used 
in oscilloscopes as gate circuits in supplying pulses for 
the triggered sweep system of the oscilloscope. For 
example, in Du Mont Type 248 oscilloscope (eee 
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Chapter 22), a sync pulse is used to activate a one-shot 
cathode-coupled multivibrator. A special switching 
system permits choice of the rate of pulse output from 
this circuit. The pulse output from this cathode-coupled 
multivibrator is used to drive the triggered sweep cir- 
cuit of the oscilloscope. 


Blocking Oscillators 

The third common type of circuit used to produce a 
linear sawtooth waveform is the blocking oscillator. 
The blocking oscillator is also a relaxation oscillator of 
R-C variety that employs a hard tube. Similar to the 
multivibrators, blocking oscillators can be either free- 
running or of the triggered type. In general, such cir- 
cuits are considered as pulse generators because of the 
waveshapes available from them. There are a few dif- 
ferent types of blocking-oscillator circuits, but the pur- 
Pose of each is usually the same, to produce a pulse out- 
put. Many pulse-forming circuits can easily be put to 
use to help produce a sawtooth output voltage. Let us 
study a common type of blocking-oscillator circuit to 
see how it operates. A typical free-running circuit ap- 
pears in Fig. 9-76, 

The transformer employed in such a circuit is one 
quick means of distinguishing the blocking-oscillator 
type of relaxation oscillator from others. This circuit 
is very similar to the usual type of tickler feedback 
oscillator commonly employed in radio receivers. In 
this latter type of circuit, the oscillator is usually tuned 
by a variable capacitance across the grid coil. In the 
blocking oscillator, the distributed capacitance of the 
coil, interelectrode capacitances of the tube, and stray 
i capacitances take the place of the variable 











Fig, 976— Typical creuit of a free-running blocking 


capacitance of the tuned-grid tickler feedback oscil- 
lator. Therefore, the blocking oscillator can be consid- 
cred a form of tickler-coil oscillator with a high L to C 
ratio in its grid circuit. 

Inthe tickler oscillator, the time constant of the grid- 
coupling capacitor and resistor (CI-R1 if Fig. 9-76 is 
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considered as a tickler oscillator) is so chosen that, in 
conjunction with the tuned circuit, the tube is operated. 
class C. With the CJ-K1 combination providing grid- 
leak bias, the oscillator generates a continuous sine 
wave at the resonant frequency of the circuit. In the 
blocking-oscillator circuit, the time constant of R1-CI 
is deliberately chosen to be very large so as to interfere 
with or block the continuous production of sine-wave 
oscillations. Thus we see the reason why the circuit is 
called a blocking oscillator. 

‘The inductive coupling between the plate and grid 
circuit of the blocking oscillator is very tight and the 
transformer turns ratio is such that the signal coupled. 
to the grid will be very strong. The large time constant 
of the KI-C1 combination is much greater than the 
time required to complete one cycle of operation of the 
tuned-coil arrangement. Because of these factors, a 
high bias is developed and prevents the circuit from 
oscillating for any appreciable period of time. Typical 
waveforms of operation of the blocking oscillator are 
shown in Fig. 9-77. The operation of the blocking oscil- 
lator of Fig. 9-76 will be more readily understood by 
continuous reference to these waveforms. 

Let us consider the circuit just as the supply voltage 
is turned on after the tubes have been warmed up. It 
should be remembered that this circuit is regenerative, 
the transformer being connected so that any change of 
current in the plate circuit will produce a change in the 
grid circuit which will aid the original change. The 
application of the supply voltage will cause current to 
flow in the plate circuit of the tube. Since no current 
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was flowing previously, this current now flowing is 
considered as a current change. This change in current 
flows through the plate winding of the transformer and. 
is coupled to the grid of the tube via the grid trans- 
former winding. Since the circuit is regenerative, the 
voltage that is coupled to the grid must aid the original 
increase in plate current. Therefore, the polarity of this 
grid voltage is such as to make the grid positive with 
respect to ground and hence also to cathode. This 
crease in grid potential causes an increase in the plate. 
current ; this plate-current change is again coupled to 
the grid as a higher positive voltage, still further in- 
creasing the plate current. This increase in grid volt- 
age is shown at the beginning of waveform (A) of 
Fig. 9-77. The increasing of plate current continues. 
As in the regular tickler oscillator, this positive grid 
voltage cause» grid current to flow through RI, with 
the result that electrons begin to pile up on the grid 
side of capacitor C7, thereby charging it. The charging 
path of the capacitor is through the transformer sec- 
ondary and the low grid-to-cathode resistance of the 
tube. This charging process continues as long as grid 
current flows. 

The circuit impedances and tube characteristics are 
such that a saturation point will be reached where the 
plate current and hence grid voltage will increase no 
more. This is indicated at point 2 in Fig. 9-77. When 
this maximum point has been reached, the plate cur- 
rent starts to decrease. This means that a change in 
plate current once again occurs, but in a decreasing 
direction, and, since the circuit is regenerative, a de- 
creasing voltage is transformer-coupled to the grid. 
‘This reduces the positive potential on the grid and also 
reduces the plate current. This further change (ie. 
reduction in plate current) causes the grid voltage to 
likewise reduce still more. This over-all acon contin- 
ues until the grid is driven below its cutoff value, 

Once the grid voltage is no longer positive grid cur- 
rent stops flowing and the electrons which have piled 
up on the capacitor look for a ready path to leak off. 
‘The capacitor discharges through the high-valued grid 
resistor R1 because the low-resistance path from cath- 
ode to grid no longer exists, the grid-current flow hav- 
ing ceased. Before we examine what happens during 
the discharge of C1 through R1, let us study the forma- 
tion of the waveforms up to this point. 

First of all, it is seen that as the plate current is in- 
creasing, the plate voltage is decreasing to point 2 in 
Fig. 9-77B. We also know that the grid voltage rises 
to a maximum positive value as the plate voltage de- 
creases to a minimum value. As the grid voltage starts 
decreasing and reaches the cutoff value of the tube, the 

















plate voltage increases to the B+ value, since no plate 
current flows when the tube becomes cut off. The time 
that it takes the grid voltage at (A) or the plate voltage 
at (B) to go from points / to 3 is primarily determined 
by the effective inductance of the grid coil, its distrib- 
uted capacitance, the tube interelectrode capacitance, 
and the coil resistance. In short, it is often stated that 
the periods of these pulses represent one half-cycle of 
oscillation of the resonant frequency of the grid circuit. 

Let us now refer back to the time when C1 starts 
discharging. In the ordinary tickler oscillator, the 
choice of K1 is relatively small and the time constant of 
RI-CI of a sinall enough magnitude so that the charge 
on C1 can leak off fast enough to have the circuit con- 
tinue to oscillate, In other words, the initial pulse be- 
tween points 1 and 3 in Fig. 9-77 represents one half- 
cycle of oscillation in the normal tickler-coil oscillator 
circuit, with the frequency of oscillation being deter- 
mined by the so-called tuned circuit of the system. The 
continuation of the oscillations is indicated in Fig. 
9-77А һу \һе sine waves drawn in dotted form, 

In the blocking-oscillator circuit, tht grid resistor 
KI is made very high so that, in conjunction with C1, 
a long time constant is represented. This long time 
constant means that the capacitor will take quite some 
time to discharge through the high-valued resistor. In 
actual practice, the product of R1-C/ is made much 
larger than the period represented by the half-cycle of 
oscillation of the effective tuned-grid circuit. The di 
charge current flows through KI in the direction in 
cated in Fig. 9-76 and causes a negative voltage to be 
applied to the grid of the tube, This negative voltage 
is a maximum at the initial moment of discharge. 

The effective tuned circuit of the transformer is im- 
mediately set into oscillations by the first surge of plate 
current flowing through the transformer windings, 
‘The initial half-cycle of oscillation and the rise and 
decay of plate current occur very rapidly. When the 
grid voltage is reduced beyond its cutoff value, which 
is at the end of the first half-cycle of transformer oscil- 
lation, the tuned circuit which is already energized 
continues to oscillate. However, primarily due to the 
physical construction of the transformer, which nor- 
mally has a low Q, and the fact that the tube becomes 
cut off and does not supply any more energy to the 
transformer, these oscillations are quickly damped out, 
This is indicated in the waveform drawings of Fig. 
9-77. In some circuits, a resistor is shunted across the 
grid winding of the transformer to decrease the Q and 
further dampen oscillations. In most practical circuits, 
the oscillations are immediately damped out so that 
after the grid is driven beyond cutoff, as capacitor C1 
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discharges through R1, the tuned circuit no longer 
oscillates. 

As C1 continues to discharge, the negative voltage 
оп ће grid decreases and does so in exponential fash- 
ion as seen at (A) in Fig. 9-77. Since RI is a much 
higher resistance than the grid-to-cathode resistance 
of the tube when the grid is positive and conducting, a 
much longer time is required to discharge C7 than to 
charge it; hence the grid remains negative for a much 
longer period of time than it was positive. A time will 
be reached during the discharge of C7 when the nega- 
tive voltage on the grid will be reduced to just above 
cutoff and plate current will start flowing once again. 
At the moment this happens, the original operation 
starts over again where the tuned circuit is forced into 
oscillations, the grid voltage starts increasing in the 
positive direction, and Cl again begins to charge 
when the grid goes positive. 

The curve at (B) in Fig. 9-77 is representative of 
the plate-voltage waveform and also the signal output. 
The output voltage is in the form of periodic pulses 
which are seen to be above and below the B+ refer- 
ence axis. The formation of the pulses below the B+ 
axis is due to the increasing and decreasing plate- 
current flow as explained previously. The pulses above 
the B+ line are formed when the tube is already cut off 
and plate current no longer flows. These pulses are 
primarily due to the energy stored in the plate winding 
of the transformer and are considered as the beginning 
of the damped oscillations of the tuned circuit. 

‘The frequency of the pulse repetition of the wave- 
forms of Fig. 9-77 is primarily determined by the R1- 
C1 combination for a given system. Other factors, such 











. 9-78—A simple type of blocking-oscilistor circuit for 
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as the tube used, characteristics of the transformer 
employed, and circuit voltages, also determine the fre- 
quency of operation of the free-running blocking oscil- 
lator, but the values of RJ and C1 are usually the vari- 
able ones. 





After understanding the basic operation of the block- 
ing oscillator, it is a simple matter to figure out a 
method of obtaining a sawtooth output. In the asym- 
metrical multivibrator circuit, а capacitor is placed 
across the output circuit of the tube that has the smaller 
period of conduction. In the blocking oscillator, the 
tube by the nature of its circuit arrangement conducts 
for a much shorter period of time than when it is cut 
off. Placing a capacitor across its plate circuit produces 
the same result, Appearing in Fig. 9-78 is a simple 
blocking oscillator circuit used to produce a sawtooth 
signal output. It is the addition of capacitor C2 which 
helps produce the sawtooth wave. In brief, the saw- 
tooth signal is produced as follows : 

During the nonconduction period of the tube, C2 
charges up through R2 from B supply. The charging 
is exponential, but the choice of value of C2 and R2 
such that only the beginning of the exponential 
charge curve is utilized, in order that the sawtooth out- 
put signal be as linear as possible. As soon as the tube 
starts to conduct, it represents a very low resistance 
across C2 and the capacitor discharges through this 
path. Since the period of conduction is very short, the 
flyback time of the sawtooth output signal, which is 
represented by the discharge of C2, is very rapid. Re- 
sistor R3 is inserted to indicate how the frequency of 
such a circuit may be controlled. Blocking oscillators 
are seldom used as the sweep generator in oscillo- 
scopes, but are often used in television receivers. When 
blocking oscillators are used in the horizontal or ver- 
tical oscillator sweep circuit in television receivers, 
resistor R3 is usually termed the "hold" control 
(actually "horizontal hold" or "'vertical hold," as the. 
case may be). Resistor R4 is inserted to illustrate its 
use as a “damper” to the oscillations produced by the 
effective tuned transformer circuit. Resistor R2 is 
made variable so that it can serve as an amplitude 
control. 














Blocking Oscillator and Discharge Tube 

A disadvantage exists in the blocking-oscillator cir- 
cuit of Fig. 9-78 in reproducing the sawtooth signal. 
From this drawing, you will note that the discharge 
circuit of C2 includes the plate resistance of the tube in 
series with the plate winding of transformer T. There- 
fore, when capacitor C2 discharges, the discharge cur- 
rent must flow through the winding. The inductance of 
this coil has a pronounced retarding effect upon the 
rate of discharge of C2 by acting as an additional im- 
pedance in the discharge path. Therefore, if the dis- 
charge is to take place rapidly, only a partial discharge 
of C2 will be effected in the short period that the tube 
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conducts. This results in a sawtooth wave of very low 
amplitude, Of course, the amplitude of the wave can 
be controlled somewhat by variation of R2, but the 
retarding effect due to the plate coil nevertheless exists. 
On the other hand, if a large amplitude is desired in 
this circuit, the retrace time of the sawtooth will be too 
great because the charge and discharge of C2 must 
cover a large voltage range. To circumvent these un- 
desired features, a second tube may be used as a circuit 
itch” to charge and discharge the capacitor across 
which the sawtooth waveform is produced. Such a tube 
is often called a discharge tube. 

When blocking oscillators are employed as the 
sweep circuit of television receivers, they invariably 
use the discharge tube. A typical circuit is illustrated 
in Fig. 9-79. Two separate tubes may be used or a duo- 
triode tube such as that illustrated. Tube V1 is the 
blocking oscillator and 2 is the discharge tube. The 
cathodes of both tubes are grounded and the grids of 
each are connected together. Because of this latter con- 
nection, whatever signal is present at the grid of the 
blocking oscillator is also present and in phase at the 
grid of the disch£rge tube. The blocking oscillator cir- 
cuit is essentially the same as before. Capacitor C1 and. 
resistors R1 and R3 are the chief factors in controlling 
the repetition frequency of the pulses and hence the 
frequency of the sawtooth output signal. The plate of 
V2 is connected to B-- through R4, which, in conjunc- 
tion with C3, forms a decoupling network. 

The circuit is so arranged that when the grid of V2 
is driven beyond cutoff by the negative pulse on the 
grid V1, plate current no longer flows in V2. Capacitor 























C2, therefore, begins to charge up through resistor R4. 
As soon as the discharging current of C1 causes the 
negative voltage on the grid of V2 to reach cutoff, the 
tube will begin conducting. (Usually the circuit is so 
designed that the cutoff voltages of both grids are the. 
same, so that both tubes become conducting and non- 
conducting at the same time.) Once V2 conducts, C2 
begins discharging through this tube because its plate 
resistance is a very low impedance path across C2. You 
will note that during the discharge of C2, the discharge 
path is through tube V2 only, with no inductance in- 
cluded ; therefore, most of the charge on C2 is removed 
during the conduction period of V2, The result is a 
higher amplitude sawtooth wave with a rapid retrace 
time. 

Let us examine some of the waveforms of operation 
from the circuit of Fig. 9-79. This circuit is designed 
to operate at the horizontal sweep frequency of tele- 
vision receivers, This frequency is actually 15,750 cps, 
but by varying potentiometer R3, the repetition fre- 
quency can be changed. This control, as mentioned pre- 
viously, is termed the "horizontal hold". A number of 
photographs illustrating the operation of this circuit 
appear in Fig, 9-80. An oscillogram of the signal at 
the grid of either triode is shown in part (A). Com- 
pare this picture with the drawing of Fig. 9-77 and 
notice how similar they are. In the photograph, more 
oscillations of the transformer have occurred, as seen 
by the many ripples along its discharge curve. The sig- 
nal at the plate of tube V2 is illustrated by the photo at 
part (B). Note the oscillations due to resonance in the 
transformer circuit. The similarity between this photo 
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Fig. 9-80.—Oscillograms of waveshapes produced by the 
blocking-oscillator circuit of Fig. 9-79; the signal at the grid 

shown in (A), the signal at the plate of tube 
V2 in (B), and the output sawtooth waveform of the discharge 
tube is shown in (C). 





and that of the drawing of Fig. 9-77B is readily appar- 
ent. The oscillogram for the output sawtooth waveform 
taken at the plate of the discharge tube is shown at 
part (C). You will note that the bottom of the rising 
portion of the wave is not very linear. This nonlinearity 
is due to the transformer oscillation, especially the first 
“overshoot” due to these oscillations. 

The transformer oscillations which appear in the 
lograms of Fig. 9-80 accur for a longer period of 
time than is desired, and result because the Q of the 
blocking oscillator transformer is not low enough. The 
effect of a low Q on the damping out of these undesired 
oscillations can easily be demonstrated by inserting a 
damping resistor across the transformer secondary. 
‘This resistor is designated аз R5 and shown in dashed 
form in the circuit of Fig. 9-79. The resulting oscillo- 
grams of the grid and plate voltage are shown at Fig. 





9-81A and B, respectively. The use of damping resistor 
RS has reduced the amplitude of the resulting wave- 
forms and also the frequency of operation, These 
changes, which can be considered as by-product effects, 
are not critical inasmuch as each can be readjusted. In 
the grid-voltage waveform at (A), the majority of the 
transformer oscillations are seen to be damped out. 
Compare this photo with that at Fig. 9-80A and notice 
the difference. The plate-voltage waveform at Fig. 
9-81B has the oscillations completely damped out. 
‘tice the difference between this photo and that of 






Fig. 9-B1.— Oscillograms of the grid and plate voltages of the 


blocking oscillator of Fig. 9-79 after insertion of a damping. 
sistor (RS in Fig. 9-79) across the transformer secondary, are 
shown in (A) and (B), respectively. 


Other Blocking Oscillator Circuits 

There are a number of variations in the blocking- 
oscillator circuits thus far illustrated. One such varia- 
tion employs a three-winding transformer, the circuit 
of which appears in Fig. 9-82. If for the moment we 
were to neglect coil L3, the operation of this circuit 
would be exactly the same as that of Fig. 9-76, assum- 
ing, of course, that both circuits are designed to operate. 
as blocking oscillators. In Fig. 9-76, the output pulse is 
taken across the plate circuit, and from the waveform 
of Fig. 9-77B it is seen that the main pulses are nega- 
tive in character, By coupling another coil, L3 in Fig. 
9-82, to the plate coil, the output from the plate circuit 
can also be made to appear across this new coil. Coil 
3 is wound so that the pulse appearing across L3 is 
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Fig, 9-82 —Modified version of a blocking-oscillator circuit. 
loying a three-winding transformer. 


180° out of phase with that across L2, With this type 
of circuit, there will be a positive pulse output. Placing 
a capacitor across L3 will not produce a sawtooth sig- 
nal output as in the other systems. 

Like multivibrator circuits, blocking oscillators can 
also be used as driven pulse generators. A typical trig- 
gered blocking oscillator is shown in Fig. 9-83A. The 
grid of the tube is returned to a source of negative bias. 
50 that, without any trigger pulse applied, the tube is 
normally cut off and there is no plate-current flow. 
Capacitor CI is charged by the negative bias voltage 


SIGNAL 





Fig. 9-83.—Typical circuit of a triggered blocking oscillator. 


through RZ. Let us see what happens when a strong 
positive trigger pulse is applied to the grid circuit, 

If the pulse is strong enough to overcome the high 
cutoff bias, the tube will start conducting. Once this 
happens, the circuit begins to function similarly to the 
free-running blocking oscillator. The regenerative ef- 
fect of the transformer coupling between the plate and 
grid increases the plate current to a maximum, the 
plate voltage to a minimum, and the grid voltage to a 
‘maximum positive value, After these peak values have 
been reached, they reverse in direction. With a decrease 
in plate current, the grid voltage decreases to a nega- 
tive value beyond the fixed bias on the tube. During 
the time that the grid becomes positive, grid current 
flows and capacitor СТ із charged still further. In other 
words, before the negative charge on C1, due to the 
bias, has a chance to leak off, the grid current (which 
flows during a very short interval) causes the capacitor 
to become charged to an even greater extent in the 
same negative direction. As soon as the grid voltage 
has decreased to its maximum negative value, the 
capacitor begins to discharge through R7, the trans- 
former secondary, the trigger-pulse source, and the 
bias supply. The impedance of the trigger source is 
assumed to have negligible effect on the discharge time 
constant. 

‘The waveshape during discharge is similar to that 
of Fig. 9-77A. At the end of the C1 discharge, the grid 
voltage has increased from its maximum negative value. 
to that of the applied bias on the tube. Where this point 
is reached, one cycle of operation is complete and the 
circuit is restored to its normal nonconducting condi- 
tion. Another positive trigger pulse is required to 
cause oscillation again. The signal output from the 
driven circuit of Fig. 9-83A is similar in shape to that 
of Fig. 9-77B. A sawtooth voltage output can be ob- 
tained by use of a capacitor across the output circuit, 

The circuit of Fig. 9-83B is a driven blocking oscil- 
lator which uses a discharge tube to produce a saw- 
tooth-wave output. When the grid of V1 is driven 
above its cutoff bias value, both tubes conduct ; capaci- 
tor C2, which had previously charged from the B+ 
supply through R¢, then discharges through the low 
plate-resistance path of conducting tube 72. When 
both tubes are nonconductive, C2 charges again. 

A negative pulse can also be used to trigger the cir- 
cuits of Fig. 9-83. This negative pulse would be applied 
to the plate circuit of the oscillator. Due to the trans- 
former coupling, a positive pulse would appear at the 
grid of the tube, causing conduction by driving the 
grid above its cutoff value. Б 
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Pulse Shape and Other Considerations. 
In the analysis of blocking oscillators thus far, we 
have not said very much about the exact shape of the 
pulse output, except to mention something about sinu- 
soidal oscillations. In fact, we went so far as to illus- 
trate the pulses as being the beginning of sine waves 
(see Fig. 9-77). In reality, the action of the blocking 
oscillator, because of the use of an iron-core trans- 
former, is such that the pulses are not sinusoidal. Close 
scrutiny of the oscillograms of Figs. 9-80 and 9-81 will 
te the nonsinusoidal shape of these pulses. In 
order to have a better visualization of these pulses, the 
waveforms of Fig. 9-80A and B have been spread out, 
and one cycle of each is shown in Fig. 9-84A and B, 
respectively. From these latter photos, it will be seen. 
that the pulses are not sinusoidal, The explanation of 
the pulse shaping is best understood by a physical 
analysis of the transformer action involving magneto- 
motive force and magnetic flux." However, the exact 
shape of the pulse is not very important to us, since it 
has very little effect on the shape of the resulting saw- 
tooth signal 


EGET 
rope, en E 
Let us refer to the grid-voltage waveform of Fig. 
9-77. Notice that if the small amount of oscillation 
caused by transformer resonance did not exist, this 
grid voltage would then roughly represent a sawtooth 
wave. If the circuit were so designed that the actual 
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discharge of the grid capacitor only occupied a small 
part of the complete discharge curve, the resulting grid 
waveform would have a fairly linear characteristi 
One method of accomplishing this is to return the gri 
resistor to B+ instead of to ground. This is what is 
actually done in some blocking-oscillator circuits. Such 
blocking oscillators are employed in sawtooth sweep 
circuits of British television receivers; the simplified 
diagram of a typical circuit appears in Fig. 9-85, Note 
in this circuit that the RJ-C1 network appears on the 
side of the transformer secondary away from the grid 
(compare with Fig. 9-78), with R7 connected to B+ 
and the output sawtooth signal taken across C1. 
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Fig. 9-85 —Simplifed circuit diagram of « modified lock 
oscillator, where the grid resistor i returned to B14- instead of 
the conventional etum to ground. 


Utilization of such a circuit as a sawtooth generator. 
is not practicable unless oscillations due to transformer 
resonance with the lumped circuit capacitances are 
almost completely eliminated. One method of accom- 
plishing this, besides damping, is to neutralize the 
capacitance with which the transformer oscillates.!® 
However, complete neutralization is not usually pos- 
sible, because the transformer always possesses some 
leakage inductance. 

Blocking oscillators are rarely used in oscilloscopes 
as the linear sweep circuit because the transformer 
llations and overshoots are very prominent at the 
higher frequencies, and the resultant sawtooth is, 
therefore, not very linear. At low and medium fre- 
quencies, the sawtooth output of blocking oscillators 
is more useful. The neutralization method mentioned 
above (applicable to the type of circuit shown in Fig. 
9-85 or to the other circuits previously discussed) is 
‘one method whereby blocking oscillators can be made 
more useful at higher frequencies. 

At the beginning of this chapter, we discussed a 
very simple method for checking the linearity of the 
sawtooth sweep in oscilloscopes. A square-wave signal 
was first differentiated and the resulting pulses were 
then fed to the vertical amplifier of the oscilloscope or 
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oscillator is used to trigger the blocking oscillator. 


to grid of the cathode-ray tube. Blocking oscillators are 
often employed in oscilloscopes for checking linearity 
and also as marker generators. For example in the 
Du Mont Type 256D oscilloscope, the pulse output 
from a crystal oscillator is used to trigger a blocking 
oscillator similar to the type indicated in Fig. 9-82. 
The schematic for this circuit is illustrated in Fig. 
9-86. Tube V109 acts as the crystal oscillator with 
the crystal frequency being 100 kc. The period of the 
oscillator output is, therefore, 10 microseconds. The 
output signal from this crystal oscillator is developed. 
across coil L1 of tertiary-wound transformer 7703 
and is inductively coupled to coil L2. Coils L2 and 13 
are part of the blocking-oscillator circuit of tube 
V109A, having a pulse repetition rate of 10 micro- 
seconds, Resistor R152 and capacitor C144 act as the. 
time-constant arrangement for this blocking oscillator. 
Negative 10-microsecond pulses are available across 
plate-load resistor R148 as markers. Positive 10- 
microsecond marker pulses are available across cath- 
ode-load resistor £149 of tube V109A. 

Tube V110A acts as another blocking oscillator. 
Transformer 7104 is exactly the same as T103. In 
T104, however, two of the coils are series-aiding con- 
nected in the plate circuit of the blocking oscillator ; the 
third coil is in the cathode circuit, instead of the grid 
circuit as in the normal blocking oscillator. The circuit 
nevertheless functions in a similar fashion. 

This circuit is set into oscillation by the 10-micro- 
second positive-pulse output from the first blocking 
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\—Schematic diagram of the marker generator used in the Du Mont Type 256D oscilloscope ; here the pulse output from 


oscillator. This positive pulse is coupled to the grid of 
V110A via coupling capacitor C145. Grid resistors 
R150 and R151, in conjunction with capacitor C145, 
form the time-constant network for this second block- 
ing oscillator. Resistor R150 is made variable so that 
the tube can conduct on either the fourth, fifth, or sixth 
10-microsecond marker. This control is normally ad- 
justed so that the oscillator fires on every fifth 10- 
microsecond marker, thereby having the blocking os- 
illator produce 50-microsecond pulse markers. As in 
the first blocking-oscillator circuit, positive S0-micro- 
second markers are obtained across cathode resistor 
R154 and negative S0-microsecond markers are ob- 
tained across plate-load resistor R153. 

In this particular instrument, the markers are fed 
to the cathode of the cathode-ray tube. Either positive 
or negative 10- or SO-microsecond pulse markers can 
be selected. The strength of the positive markers is 
such that, when applied to the cathode, the effective 
bias on the grid exceeds cutoff. Consequently, the posi- 
tive pulses cause blanking markers equally distributed 
along the pattern being observed. The negative mark- 
ers, when applied to the cathode, effectively appear at 
the grid as a positive signal and hence increase the in- 
tensity of the beam. Therefore, when negative marker 
pulses are chosen, they will appear as bright spots 
‘equally distributed along the pattern. 

‘One may question the use of blocking oscillators as 
the horizontal sweep in television receivers if the re- 
sulting sawtooth is not very linear. The nonlinearity of 
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these resulting sawtooth waves occurs, as mentioned 
before, at the beginning of the rising portion of the 
curve. This can be seen in the photo of Fig. 9-80C. This 
degree of nonlinearity would produce a defect in the 
resultant picture if that portion of the sawtooth wave 
were active in reproducing the picture. In television, 
however, part of the upper and lower portion of the 
rising part of the sawtooth signal is “blanked” out 
along with the retrace section of the signal, This means 
that only the linear part of the signal is effective in 
scanning the picture. 


Single-Pentode Relaxation Oscillator 


‘The sweep oscillators described thus far are the most 
common types used today as linear sawtooth gener- 
ators for oscilloscopes and television receivers. There 
are numerous other types of linear sweep oscillators, 
but they are very seldom employed in oscilloscopes or 
television receivers. A number of these sweep circuits 
still fall under the broad classification of relaxation 
oscillators, because they use the charging and dis- 
charging of a capacitor through a resistance to produce 
the sawtooth wave, It is beyond the scope of this book 
to cover each one of these circuits in detail. A few of 
these circuits which are well known and more impor- 
tant will be briefly considered here. For further de- 
tailed information regarding these sweep circuits as 
well as other types, it is suggested that the interested 
reader consult the bibliography for this chapter. 

About the same time, H. J. Reich, of the United 
States, and B. C. Fleming-Williams, of England, de- 
veloped a one-tube relaxation oscillator employing a 
pentode.1 12 The operation of both circuits depends 
upon a variation in suppressor voltage on the tube. 
Both circuits are critical in operation in that their 
action in producing the sawtooth wave depends upon 
sudden changes of plate current when the plate voltage 
reaches certain critical values. The circuit developed 
by Fleming-Williams appears in Fig. 9-87A. Let us 
briefly analyze this circuit first. 

Assume a starting point with capacitor C2 in an un- 
charged condition (i.e, no voltage across it) and the 
suppressor grid biased negative so that there is negli- 
gible plate-current flow. Potential applied to the screen 
grid causes practically all of the electrons emitted from 
the cathode to flow in the screen-grid circuit. The 
screen-grid current flowing through R3 reduces the 
screen potential, which, in turn, means a further re- 
duction of the suppressor-grid voltage, ‘because the 

a circuits," Electronics, 
141 Аар E [jp ner FM 
-Valve Time-Base Cir- 
cult,” Wire 11-163, April, 1940. 
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screen and suppressor are coupled together through 
C1; the plate current remains practically zero. While 
this is occurring, capacitor C2 begins to charge up 
from the B— supply through the plate-load resistor 
R2. As C2 charges, the potential on the plate of the 
tube increases. The charging of capacitor C2 rept 
sents the linear rising part of the sawtooth output si 
nal. A point will be reached where the voltage on the 
plate of the tube will be high enough to start drawing 
plate current through the negatively biased suppressor 
grid. 

This flow of plate current reduces the flow of screen 
current because, before the plate drew current, all the 
cathode current flowed to the screen. With the screen 
current being reduced, the voltage at the screen rises, 
This rise in voltage is coupled to the suppressor grid 
via C1 and results in the negative bias on this grid 
being reduced. This in turn increases the plate current. 
still more, which means a further reduction in screen 
current, a rise in screen voltage, further increase in 
suppressor potential (in the positive direction), and 
an additional rise in plate current. This action is cumu- 
lative. During this period of reduction in screen сш 
rent, capacitor C1, which is in a charged state, dis- 
charges through KI and R3. The discharge of C1 
causes the suppessor to be driven in the positive direc- 
tion, By having a variation in suppressor voltage, the 
plate-voltage plate-current characteristic curve of the 
tube is such that a point will be reached where the plate 
current suddenly increases very rapidly, This rapid 
increase in plate current greatly reduces the effective 
plate resistance of the tube, and capacitor C2 dis- 
charges through the tube. This discharge is very rapid 
because the dynamic curve is quite steep at this point, 
and in a short period of time the plate current is again 
reduced. This discharge of C2 represents the flyback 
or retrace of the sawtooth wave. 
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As soon as the plate current is reduced, the screen 
current begins to increase again and the screen voltage 
begins to drop. This drop is coupled to the suppressor 
grid via C1, and hence the suppressor grid becomes 
less positive. This further reduces the plate current and 
hence increases the screen current. This action of the 
plate current being reduced and suppressor grid going 
negative is cumulative, and a point will be reached 
where the plate current is practically reduced to zero 
and capacitor C2 starts to charge up again. We are now 
back again to the point where we started the cycle of 
operation, 





Fig. 9.87B.—A similar circuit to that in Fig. 987A, devel- 
oped by H. J. Reich. 


The circuit developed by H. J. Reich appears in Fig. 
9-87B. In this circuit, the output capacitor C2 has one 
end connected to B+, whereas in the circuit of Fig. 
9-87A it is connected to B—. Also note that the sup- 
pressor and control grids are connected to fixed nega- 
tive supply sources, Let us assume a starting condition 
where the total plate-supply voltage is applied to the 
plate of the tube, Plate current starts to flow at its 
maximum value and charges up capacitor C2. As the 
capacitor becomes charged, the plate current decreases. 
This decrease in plate current causes an increase in 
screen current and hence a decrease in screen voltage. 
‘This decrease in screen voltage is coupled to the sup- 
pressor grid via C1 and drives this grid more negative 
than it was before, thereby further reducing the plate. 
current. This acfion is cumulative. 

As capacitor C2 charges, due to plate-current flow, 
the plate voltage will decrease to a certain value, often 
called the “critical” value, where the dynamic charac- 
teristic curve of the tube is such that the plate current 
is virtually reduced to zero. When this happens, the 
tube is effectively cut off and capacitor C2 starts dis- 
charging through R2, As C2 discharges, the plate volt- 
age starts to rise again, and after a period of time maxi- 
mum plate current starts flowing. At this point, the 
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Fig. 9-88 Equivalent (simplifed) circuits for the single- 
tube Felazation socllatos of Fag 987 erc abonar in (A) Sad 
(8), respectively. 


screen current drops, the screen voltage is increased, 
and the suppressor grid is driven in the positive direc- 
tion, The cycle of operation starts over again, with 
capacitor C2 charging up due to plate-current flow, 

The output sawtooth waveform from the circuit of 
Fig. 9-87B is different from that of Fig. 9-87A, in that 
the charging of C2 represents the flyback or retrace of 
the sawtooth wave which uses the low plate resistance 
of the tube to complete the charging circuit. The dis- 
charge of C2 through R2 represents the linear section 
of the sawtooth wave. Thus the charge and discharge 
time of the sawtooth in the Reich circuit is the reverse 
of that in the Fleming-Williams circuit. The primary 
difference between these two circuits is easily seen from 
the two equivalent circuits of Fig. 9-88, Part (A) is 
for the circuit of Fig. 9-87A and (B) for the circuit of 
Fig. 9-87B, Switch 51 in each equivalent circuit is in- 
serted to indicate the transfer from the conduction to 
the nonconduction period of the tube (i.e. when the 
plate current is practically zero). With the switch 
‘open, the tube is in the nonconducting state. Resistor 
ry in the drawings indicates the low value of plate re- 
sistance of the tube; when the switch is closed, this 
resistance is in the conducting circuit. 

Equivalent circuit (A) shows that capacitor C2 
charges up from the B= supply through R2 during the 
nonconduction period of the tube, and discharges 
through the plate resistance of the tube during its con- 
ducting period. The charging period of C2 in this case 
is the linear rising portion of the sawtooth output 
waveform, and the discharge is the flyback time of the 
signal. The charge period is quite long compared to the 
discharge period. In this circuit, the tube acts as a 
shunt switch to the capacitor. In equivalent circuit 
(B), the tube acts as a switch in series with the capac- 
itor, In this latter circuit, when the switch is closed 
(e. conduction period of the tube), C2 charges up due 
to plate-current flow; when it is open, C2 discharges 





through R2 in the direction indicated, The discharging 
period for (B) represents the linear decaying section 
of the sawtooth output signal and the charging period 
is the retrace time of the wave which has a rising char- 
acteristic. The discharge period is quite long compared 
to the charge period. A high value of R2 will effec- 
tively reduce the charging period of C2 and thus pro- 
vide a quicker retrace time per cycle. 


ELECTROMAGNETIC SWEEPS 


In the discussion of sweep circuits thus far, we con- 
stantly referred to a linear sweep as the necessary sig- 
nal to produce the horizontal deflection when observing 
certain electrical phenomena that are applied to the 
vertical plates of a cathode-ray tube. Linear horizontal 
deflection is always necessary in order to reproduce an 
undistorted picture on the screen of the cathode-ray 
tube, A sawtooth voltage wave is the required sweep 
signal to be applied to the deflection plates of an elec- 
trostatic cathode-ray tube, but cannot be used directly 
as the sweep voltage for electromagnetic cathode-ray 
tubes. The output signal from all of the sweep circuits 
covered in this chapter so far was a sawtooth voltage, 
and as such could only be used for electrostatic cath- 
‘ode-ray tubes. However, this does not mean that these 
sweep circuits cannot be used for electromagnetic de- 
flection, Only slight circuit modifications are required 
to make these circuits useful as electromagnetic 
sweeps. 


‘Wavetorm Analysis In Deflection Colls 

In Chapter 6, we mentioned that the current through 
the deflection coils, not necassarily the voltage applied 
across these coils, had to be linear for proper deflection 
of the electron beam. In order to have linear or saw- 
tooth current flow through the deflection coils, the 
voltage applied across the coils must have a different 
waveshape. We have to know something about the re- 
active and resistive components of the deflection coils 
in order to find out what is the required shape of the 
voltage waveform across the coil. 

Every coil has inductance, resistance, and distrib- 
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uted capacitance. The distributed capacitance of de- 
flection cvils as used in television receivers is generally 
too small to have any effect on the current flowing 
through the coil at the usual frequencies of operation. 
Only the inductance and resistance of the coil are con- 
sidered as affecting the current waveform. These two 
‘components are not separated, but are evenly distrib- 
uted throughout the coil. We can, however, represent 
the circuit of this coil by a series arrangement of a 
Jumped resistance and inductance as a convenient 
means of illustration without introducing any errors, 
We know that the current flowing through this series 
R-L arrangement has to be linear, that is, have a saw- 
tooth waveform. On the basis of this knowledge we can 
work backwards to find the required voltage waveform 
to be applied across the coil, In other words, the volt- 
age waveforms required to produce a sawtooth of cur- 
rent through a pure inductance and resistance are 
found individually. The combination of these two volt- 
age waveforms, then, wil) result in the required voltage 
waveform to be applied across the deflection coil. 

First we will consider the resistive part of the cir- 
cuit. A pure resistance will not cause any phase change 
between the voltage across it and the current flowing 
through it. Thus, if a sawtooth waveform of voltage is 
applied directly across the resistor, a sawtooth wave- 
form of current will flow through it, This is basically 
indicated in part (A) of Fig. 9-89. The amplitude or 
strength of the current flow is determined directly by 
Ohm's law, J = E/R, where E is the applied voltage, 
R the value of resistance, and / the current. 

‘The inductive part of the deflection coil presents the 
interesting problem. It is a known fact of theory and 
‘experimentation that when a steadily changing current 
(that is, one having a linear rise and fall similar to a 
sawtooth) passes through an inductance, a fixed steady 
voltage is produced across this coil for each rise and fall 
of current. In other words, the voltage is proportional 
to the rate at which the current is changing and also to 
the size of the inductance, Such a voltage would have 
а rectangular waveshape as indicated in part (B) of 
Fig. 9-89. 
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Fig. 9-89.— Graphical analysis of the modifications of waveforms produced by deflection coils. 
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Since our inductance here is fixed in value, any 
change in the voltage waveform across it must be due 
to a change in the current through it. And the current. 
does change; first it rises fairly slowly; that is, it 
changes in the positive direction. As a result, there is 
a positive voltage across the inductance which endures 
for exactly the same length of time as the current rises. 
‘Then, abruptly, the current starts to decrease ; that is, 
it changes in the negative direction (this occurs during 
the retrace of the sawtooth current wave). At the time 
that this change in the current wave takes place, there 
is a corresponding change in the voltage wave; and, 
since the current is changing steadily in the negative 
direction, the voltage is steady at a negative value. The 
duration of the negative swing of the voltage is exactly 
the same as the duration of the negative change of cur- 
rent that produces it. Thus, alternating fixed positive 
and negative voltages are produced by the passage of a 
sawtooth wave of current through an inductance. 

Let us now see what the resultant waveshape is when 
the sawtooth voltage at (A) and the rectangular volt- 
age at (B). of Fig. 9-89, are combined. Since both 
voltages produce the same current waveshape, the ге- 
trace of the sawtooth voltage occurs exactly at the same 
time as that of the negative going part of the rectangu- 
lar signal, The result of combining two such voltages 
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Fig, 9.90 Remitant voltage, waveforms re 
flection coils, when the voltage drop across 
inductance are not equal. 


appears in Fig. 9-89C. The peak-to-peak amplitudes of 
the sawtooth and rectangular waveshapes in this figure 
are drawn equal for the sake of illustration. In part 
(D), the equivalent R-L circuit of the yoke is shown 
in connection with the resultant voltage waveform re- 
quired to produce a sawtooth of current through the 
coil. 

In practice, the resistive and inductive components. 
of the deflection coils will vary somewhat. If the resis- 
tive component of the coil is high compared to the in- 
ductive reactance, then the resultant voltage across the 
coil should be closer in shape to its sawtooth compo- 
ment. This is so because the resistive component of 
voltage will be higher. On the other hand, if the induc- 
tive reactance is higher, the resultant voltage will be 
closer in shape to its rectangular component because 
the voltage drop across the inductance will be higher. 
In Fig. 9-90, we have illustrated numerous resultant 
voltage waveforms that are required when the voltage 
drop across the resistance and inductance are not equal. 
The case of equal component voltages was shown in 
Fig. 9-89C. 

In all parts of Fig. 9-90, the rectangular waveshape 
at J represents the voltage drop across the inductance, 
that at 2 the voltage drop across the resistance, and 
that at 3 the waveshape of the voltage across the series 
combination of the inductance and resistance. The re- 
sultant waveforms at parts (A) and (B) indicate two 
‘cases where the inductive reactance is greater than the 
resistance. For the waves at (A), the inductive re- 
actance is twice as great as the resistance, and at (B) 
it is three times as great. The resultant waveshapes at 
(C) and (D) occur when the resistance is greater than 
the inductive reactance, For the wave at (C), the re- 
sistance is twice as great as the reactance, and at (D) 
it is three times as great. Note that in parts (B) and 
(D) the resultant waveshapes appear more like the 
higher voltage component of which it is composed. 
Resultant waveforms of the type shown are generally 
identified as trapezoidal in shape. The term is derived 
from the fact that the leading and trailing edges of the 
wave are roughly parallel, while the top portion and 
base are not. 


Obtaining the Trapesoldal Wavelorm. 

Now that we have determined the shape of the volt- 
age waveform that must exist across the coil in order 
to achieve the desired sawtooth deflection, our next 
logical step is to find out how to produce such a wave- 
form. There are a number of methods which are used. 
today, but the most common ones employ unsymmetri- 
cal multivibrators or blocking oscillators similar to 
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those described previously. When these circuits are 
employed to produce a sawtooth of voltage, a capacitor 
is placed across the output. This is basically illus- 
trated in Fig. 9-91A. In this circuit, V1 represents the 
output tube, R/ the plate-load resistor, and C1 the 
capacitor employed to yield the sawtooth wave for 
electrostatic deflection. 

The production of a sawtooth wave with a sharp re- 
trace is dependent upon the output-tube plate current 
flowing in short pulses. In other words, the tube should 
be conductive for a much shorter period of time than it 
is nonconductive. This means that the plate-current 
‘waveform is ideally in the shape of a rectangular wave 
as shown by the drawing at (B). When the tube is not 
conducting, capacitor C7 charges up from the B— sup- 
ply through resistor RJ, and during the short periods 
of conduction, C1 discharges through the tube. The 
direction of electron flow for the charge and discharge 
of C1 is illustrated in Figs, 9-91C and D, respectively. 
From these two drawings, itis seen that the currents 
flow in opposite directions. During the charge of C1, 
the plate side of the capacitor is positive with respect 
toits other side, and the reverse during its discharge. 

We do know that with the circuit as it stands now, a 
sawtooth voltage appears across this capacitor. If we 
‘combine this sawtooth voltage with a rectangular wave, 
we can obtain the trapezoidal waveform needed for 
electromagnetic deflection. Inserting a resistor in series 








with the capacitor of the circuit of Fig. 9-91A will help 
produce the desired waveform. The circuit for this 
latter arrangement is shown in Fig. 9-92, with R2 
being the added resistor. In order to produce this trape- 
zoidal waveform, the voltage appearing across resistor 
R2 should have a leading and trailing edge that are 
both vertical. If both vertical sides are approximately 
‘equal, the voltage across the resistor will appear as a 
square wave, as ideally indicated in the drawing. The 
value of R2 is usually made much smaller than R1 so 
that it will have very little effect on the total charging 
and discharging time. As far as capacitor C1 is con- 
cerned, the voltage appearing across it will still have 
the same sawtooth waveform. With the circuit 
ranged as shown in Fig. 9-92, the charging and di 
charging currents both flow through resistor R2. Be- 
cause of this fact, it may, at first, be difficult to conceive 
how the necessary voltage waveshape across this re- 
sistor comes about. Let us now analyze the formation 
of the voltage waveshape across R2. 








Fig. 992.—A modified version of the circuit shown in Fi 
9.914 is shown here, where a resistor R2 has been inserted n 
series with the capacitor. 


During the period of charge, when the tube is cut off 
the initial charging current is a maximum and de- 
creases exponentially. Since R2 is in the charging path, 
and also since the voltage across a resistor is in phase. 
with the current flowing through it, the voltage across 
R2 will rise suddenly to a maximum from point a to b 
as seen in Fig. 9-93A. The time constant of charge is 
sufficiently long so that the exponentially decreasing 
charging current and hence voltage across R1 will 
decrease only slightly by the time the tube starts con- 
ducting. This is indicated in Fig. 9-93A from time b 
to c. During this period of charge, the voltage across 
 K2 is positive with respect to the ground because of the 
direction of current flow. 

The moment the tube becomes conductive, C1 stops 
charging and starts discharging. The initial discharge 
current rises instantaneously to a maximum ; hence a 
maximum voltage drop exists across R2. This is indi- 
cated in Fig. 9-93B by the instantaneous voltage rise 
from c to d. As the capacitor continues to discharge 
exponentially, the voltage drop across R2 decreases. 
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Fig. 9-93.—Voltage 
charge and discharge 
curves for the circuit of 
Fig. 9-92 are shown in (A) 


ie) 
and (B), respectively, 
‘while the resultant com. 
bined waveshape is shown 
in (C). 
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The conducting period of the tube is much shorter than 
the cutoff period and the time constant of discharge 
much smaller than that of charge, so that the voltage 
across K2 decreases as shown during time d to e. 

Since the discharge current flows in the opposite. 
direction to the charging current, the voltage drop 
across R2 during discharge is considered negative with 
respect to that during charge, and is so indicated in the 
drawing. Combining the voltage drops across R2 dur- 
ing charge and discharge, in their proper polarity, to 
represent a continuous waveform, results in the curve 
shown in Fig. 9-93C. From this latter drawing, one can 
readily see how the waveform across resistor R2 in 
Fig. 9-92 approximates a square wave. 





It should be remembered that the curves drawn in 
Figs. 9-89 to 9-93 are idealized, and in actual practice 
slight modifications occur. In order to illustrate some 
actual waveforms, a number of oscillograms were taken 
from the output of a plate-coupled multivibrator. The 
circuit used was similar to that of Fig. 9-57, except that 
a resistor was inserted between the capacitor C3 and 
ground, Thus we can assume that the output circuit of 
Fig. 9-57 relative to tube V2 can now be represented 
by the circuit of Fig. 9-92. The waveforms observed at 
different points in this system are indicated in Fig. 
9-94. 

The oscillogram at (A) was taken at the plate of the 
output tube with the capacitor and resistor discon- 
nected from the circuit. This photo indicates the rec- 
tangular voltage ofitput from the plate circuit of the 
asymmetrical multivibrator. With the capacitor and 
resistor inserted into the circuit, the voltage waveform 
at the output is indicated by the photo at (B). Note 
how closely this oscillogram compares with the line 
drawings illustrated in Figs. 9-89C, 9-89D, 9-90, and 
9-92. The voltage waveform across the capacitor alone 
appears in part (C), and that across the resistor alone 
is indicated in part (D). Note how closely the photo 
at (D) resembles the theoretical drawing of Fig. 





9-93C. The oscilloscope used for the observation of the 
waveforms of Fig. 9-94 was adjusted to give the best 
possible picture for illustrative purposes ; consequently, 
the amplitudes of the waveforms are not necessarily in 
proper proportion to each other. 

Blocking oscillators are used a great deal in tele- 
vision receivers as sweep circuits for electromagnetic 
deflection. One method is to employ a circuit similar 
to that shown in Fig. 9-79, with the only modification 
being the insertion of a resistor in series with capacitor 
C2. With this addition, the output network of tube V2 
can also be represented by the simple circuit of Fi 
9.92. 

It should be remembered that the plate current of the. 
blocking oscillator flows only in pulses of short time 
duration and that these pulses are not rectangular or 
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a` circuit similar to that shown in Fig. 9-92, 
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995. Oscillograms of the blocking oscillator shown in 
79, after modification for electromagnetic sweep. 





sinusoidal due to the nature of the circuit. The exact 
shapes of these pulses were already indicated by the 
oscillograms of Fig. 9-84, Therefore, it would be diffi- 
cult to obtain a waveshape exactly the same as Fig. 
9-948 from the output of the modified blocking oscil- 
lator. The oscillograms of Fig. 9-95, which were taken 
from the blocking oscillator circuit of Fig. 9-79 modi- 
fied for electromagnetic sweep, prove this point. The 
photo at (A) of Fig. 9.95 indicates the waveshape of. 
the output of the series R-C network. Note how the 


shape of this signal differs from that of Fig. 9-94B. 
One cycle of this signal spread out for a clearer indi- 
cation of the waveshape is shown in part (B) of Fig. 
9-95. 

The waveshapes of the signal voltage across the 
capacitor and resistor are indicated in parts (C) and 
(D), respectively. Note how the signal across the re- 
sistor deviates from a rectangular waveform. The 
shape of the negative peaks of this signal is due to the 
nonrectangular form of plate-current pulses, and the 
small transient ripple on the top or positive portion of 
the wave is primarily due to oscillation of the blocking- 
oscillator transformer. The sawtooth of voltage across 
the capacitor, part (C), does not, however, appear 
much different from a true sawtooth. The primary dif- 
ference in the waveshape is at the bottom of the retrace 
and the start of the trace. This section of the sawtooth 
sweep is blanked out in tele 
tioned previously, and, therefore, cannot do any harm 
to the reproduced picture. 








jon receivers, as men- 


Harley Oscillator Sweep Circuit 


A common type of electromagnetic sweep circuit 
employed in television receivers for the horizontal 
deflection is illustrated in Fig. 9-96, Pentode V1 is 
designed to operate as an electron-coupled Hartley 
sine-wave oscillator, The cathode, control grid, and 
sereen grid function as a normal triode oscillator, 
where L and C are the tank-circuit components which 
determine the frequency of oscillation. Inductance L 
is usually preset to produce the desired horizontal fre- 
quency. Components C7, R1, and R2 are the time con- 
stant and grid-bias networks for the oscillator tube, 
Resistor R2 i» made variable so that it can control the 
frequency of operation of the oscillator over a small 
range of frequencies, 

With the circuit operating, a sine wave of voltage 
appears in the oscillator grid circuit and is electron- 
coupled to the plate of the tube. During part of the cycle 
of oscillation, the bias developed on the grid of tube 
V I is great enough to cause plate-current cutoff. This 
means that the signal appearing at the plate of the tube 
is not a pure sine wave, but is unsymmetrically clipped 
on its positive halí-cycles. This distortion is a require- 
ment for the proper operation of the system. The signal 
from the plate of V1 is passed through a resistor- 
capacitor differentiating network consisting of R3-C3 
and R4-C4 for pulse-shaping purposes! In other 
words, the clipped sine-wave output from V1 is fur- 














18Differentiating as well as integrating networks are dis- 
cussed in most good texts on this theory. 
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ther distorted by the differentiating network to produce 
a signal which appears like a sine wave with positive 
pulses added to its positive half-cycles. The signal out- 
put from the differentiating network is coupled to the 
grid circuit of tube V2. 


This circuit consisting of tube V2 and components. 
C5 and Ré is employed to produce the final voltage 
waveshape for electromagnetic deflection. The network 
is very similar to those discussed previously, in that it 
utilizes the charge and discharge of capacitor C5 to 
help produce the desired waveshape, Conduction of 
tube 72 occurs only during the time that the positive 
pulses appear on its grid and is in a state of nonconduc- 
tion or cutoff during the remainder of the cycle. 

Capacitor C5 charges up from the B supply through 
resistor R7 during the cutoff periods of tube V2, When 
the pulses are applied to the tube, conduction occurs 
and C5 discharges through the low plate resistance of 
V2, The charge and discharge current of C5 is shaped 
roughly like a rectangular wave. This results in a saw- 
tooth voltage across C5, a rectangular voltage across 
R8, and across their combination we have the required 
trapezoidal vultage waveshape for electromagnetic 
deflection, as seen in Fig. 9-96. Capacitor C6 is used 
merely to couple the final signal output from the dis- 
charge tube to the horizontal-output tube of the tele- 
vision receiver. 

The values indicated next to each component are 
those required to operate the circuit at 15,750 cps, the 
horizontal sweep,frequency of a television receiver. 
Although not indicated in the drawing, this type of 
sweep circuit usually has the output from a sync-dis- 
criminator transformer coupled to the tank coil L of 
the sine-wave oscillator. Also, a reactance-tube circuit 
is usually capacitor-coupled to the oscillator. The dis- 
criminator, in conjunction with the reactance tube, 
serves the purpose of keeping the frequency of the 
oscillator in exact step with that of the horizontal scan- 
ning frequency at the transmitter. 














Many circuits that can produce a pulse whose fre- 
‘quency is fairly accurate may be used as the basis of a 
sweep circuit. Once the pulse is generated, all that is 
needed is a simple discharge-tube circuit similar to that 
illustrated in Fig. 9-96, If straight linear electrostatic 
deflection is required, the resistor in the output circuit 
of the discharge tube is omitted. On the basis of this 
simple pulse requirement, numerous other networks 
can be used as sweep circuits. It is beyond the scope of 
this text to discuss them all. 





LINEARIZING THE SAWTOOTH TRACE 

In all the time bases discussed thus far, the charging 
and discharging of a capacitor was put to use in estab- 
lishing the sweep voltage. For electrostatic systems, the 
necessary sweep voltage has a sawtooth waveform 
which is taken across a capacitor in the output of the 
sweep circuit in question. For electromagnetic sys- 
tems, the majority of sweep circuits make use of a 
combination sawtooth signal and rectangular wave to 
produce the required sweep-voltage waveform. The 
sawtooth signal in both cases is obtained as a result of 
capacitor charge and discharge. Thus we see that a 
sawtooth signal as produced by the charge and dis- 
charge of a capacitor is the sweep voltage for electro- 
static deflection and part of the sweep signal for electro- 
magnetic deflection. 

Tf the rising portion of the sawtooth signal, that is, 
the trace, is nonlinear, then the reproduced signal on 
the screen of the cathode-ray tube will be distorted. 
This distortion is usually manifested by a bunching of 
the picture at the right end. This was indicated in the 
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oscillograms of Fig. 9-18 where a nonlinear sawtooth 
signal at (A) reproduces a distorted wave shown at 
(B). Part (C) of this figure graphically illustrates the 
unequal movement of the spot across the screen for 
equal time intervals along a nonlinear sawtooth sweep. 
A complete graphical illustration, showing how a non- 
linear sawtooth sweep produces a distorted sine wave, 
is shown in Fig. 9-22, 

‘The voltage charge and discharge across a capacitor 
is an exponential one ; in most of the circuits analyzed 
this chapter, itis a rising curve, while the discharge 
a decaying one. The trace of the sawtooth signal is 
‘usually obtained from the charge part of the cycle and 
the retrace from the discharge part. Since the rise time 
is exponential, the trace of the sawtooth signal can 
never be perfectly linear. In other words, the trace can- 
not be the ideal straight line that we desire. Since at the 
beginning of an exponentially rising curve, the slope 
does not change very much, the curve at this point will 
‘be most linear. Consequently, a sawtooth signal whose 
‘maximum voltage is only a small portion of the total 
available charging voltage on the capacitor will be most. 
linear, 

Quite a number of different circuits exist today for 
improving the linearity of a sawtooth sweep, the major- 
ity of them being patented in the United States and 
Great Britain, These linearizing circuits can be classi- 
fied into one of the following principal groups: 

1. Constant-current devices. 

2. Additional time-constant circuits 

3. Feedback circuit 
4. Nonlinear amplifiers. 

Some sweep circuits may employ more than one 
‘method of linearization. This is especially true in tele- 
vision receivers where the effect of nonlinearity is more 
pronounced than in oscilloscopes. In this section, we 
will only discuss’ those circuits that are used most 
often for further references, consult the bibliography. 








Constant Current Pentode 

In most types of sweep circuits, the capacitor across. 
which the sawtooth wave is produced charges up from. 
the B supply through a resistor. This resistor limits the 
flow of charging current, which does not flow at a con- 
stant rate but decreases in exponential fashion. If this. 
charging resistor can be replaced by a device which will. 
limit the flow of charging current at a constant rate, 
it is possible to obtain a fairly linear sawtooth wave. 
One of the first circuits to make use of this idea was the 
popular thyratron relaxation oscillator. 

In this new type of thyratron circuit, a pentode is 
normally used as the constant-current device taking 





Fig, 9-97.—A thyratron relaxat 
pentode as constant-current device. 





oscillator cireuit using a 


the place of the resistor. A simplified form of such a 
circuit is illustrated in Fig, 9-97, where tube 72 is the 
pentode that takes the place of the charging resistor. 
‘The pentode is designed to operate over a range where 
the plate current is fairly constant, When plate voltage 
is first applied to the cireuit, capacitor C charges up 
from the B supply through tube 72, As the plate cur- 
rent flowing through ”2 charges capacitor C, the volt- 
age charge across the capacitor increases. Since the 
plate current of tube 2 remains fairly constant, the 
increase in voltage across capacitor C will increase at 
a constant rate and hence has a linear rise. 

Discharge of C occurs when the voltage across it 
reaches the ionizing potential of the thyratron tube V7. 
‘The frequency of operation of such a circuit is pri- 
marily dependent upon the value of capacitor C and the 
amplitude of the charging current, that is, the current 
flowing through tube 72. Variation of the charging 
current has the same effect as changing the value of 
resistor R in Figs. 9-34 or 9-35. The strength of the 
charging current can be varied easily by changing the 
bias on the tube. In the drawing of Fig. 9-97, this vari- 
ation in bias is obtained from a potentiometer across a 
battery. When cathode bias is employed on the pentode, 
a potentiometer in the cathode circuit regulating the 
bias is normally the fine frequency control of the cir- 
cuit, and the variation in the value of C is the coarse 
frequency control. 

Today, few thyratron sweep circuits as used in oscil- 
loscopes employ the constant-current pentode. When 
such a pentode is employed, it is used more often with 
‘a hard-tube sweep circuit, especially the multivibrator. 

In actual practice, the pentode tube is used to re- 
place the resistor through which the capacitor dis- 
charges rather than that through which it charges. 
Such circuits where the pentode is used as the dis- 
charge device are of simpler design and give somewhat 
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better performance. A simplified circuit of this type 
appears in Fig. 9-98. In this drawing, V1 represents 
a tube in which the plate current flows in pulses of 
short time duration. (This current flow is indicated by 
the rectangular wave on the left side of the figure.) In 
other words, the signal voltage applied to the grid of 
V1 is such that the tube is cut off for much longer 
periods than it is allowed to conduct. The circuit func- 
tions as follows: 





9-98.—A sweep circuit using a pentode tube as discharge 





de 


During the short intervals of J/1 conduction, capac- 
itor C charges up very rapidly from the plate-current 
flow of tube V7. Although the charging period repre- 
sents the rise time of the resultant sweep signal, it is 
зо rapid that the rise time or charging period is used 
аз the retrace time of the sweep. The value of the 
screen voltage at tube 2 is so adjusted that when V2 
conducts, its plate current is fairly constant. The mo- 
ment that 1 stops conducting, capacitor C discharges. 
through tube 72. The plate resistance of the pentode 
is quite high, so C discharges quite slowly through V1. 

The time constant of charge, which is low, is deter- 
mined primarily by the product of capacitor C and the 
plate resistance of 1 in series with its plate-load re- 
istor. The time constant of discharge is chiefly deter- 
mined by the product of C and the plate resistance of 
V2, and is much larger than the time constant of 
charge. Consequently, the trace time of the sweep sig- 
nal is a decaying voltage represented by the discharge 
of C through V2. Due to the constant-current flow 
within tube 72, the discharging voltage across C fol- 
lows a linear path rather than an exponential one. The 
interesting thing about the signal output is that its 
waveshape is the reverse of the normal signal output 
from most sawtooth sweep generators. In other words, 
in the normal sawtooth signal the trace of the signal is 





‘caused by the capacitor charge and the retrace by the 
capacitor discharge, whereas in this circuit the oppo- 
siteis true. 


Additional Time-Constant Circuit!" 


One of the simplest and cheapest methods of linear- 
izing a sawtooth sweep is to employ some form of addi- 
tional time-constant circuit. In most cases, a resistance- 
capacitance network is employed. This new circuit is. 
designed to operate in such a manner that it will offer 
a correction voltage to the usual exponential rise time 
of the sawtooth wave so that the resulting sawtooth 
will be linear. Numerous circuit arrangements are 
possible, but only two will be considered here, These 
two, however, will give us a fair idea of how such new 
time-constant circuits should operate. 

Let us first study the cireuits of Fig, 9-99, Part (A) 
of this figure is a simplified form of the usual type of. 
sweep circuit, where 7 represents the tube in which 
the plate current flows in pulses of short time dura- 
tion. Capacitor C charges up from the B supply 
through RZ during the periods that V1 is cut off ; dur- 
ing the periods of V7 conduction, C discharges through 
the tube. The sawtooth output is taken across C and 
may not be linear due to its exponential shape. Fig. 
9-99B is the new circuit for improving the linearity of 
the sawtooth, where resistor R2 and capacitor C2 are 
the additional circuit elements.!* Capacitor C of part 
(A) is effectively split in two and indicated as C1 and 
C3 in circuit (B). Capacitors C1 and C2 are approxi- 
mately the same value, and resistor R2 is about 0.5 
megohm. The resultant sawtooth output is taken across. 
capacitors C2 and C3 in series. Let us examine the 
operation of this circuit to see how it makes the saw- 
tooth more linear. 

Assume a starting point with all the capacitors 
charged up from the power supply. Capacitors C1 and 
C3 charge up through resistor R1, and capacitor C2 
charges up through resistors RI and R2. When V1 
starts conducting, all the capacitors start to discharge. 
through the tube. Capacitors C1 and C3 discharge very 
rapidly, but C2 discharges slowly because of the high 
value of R2, In other words, the time constant of dis- 
charge for capacitor C2 is much higher than for the 
other capacitors. By the time 1 becomes cut off, C1 
and C3 are almost completely discharged, whereas 
capacitor C2 has lost only a small quantity of its 
charge. C1 and C3 start to charge up again from the B 
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Fig. 9.99. —Part (A) shows a 
‘simplified form of a conventional 





ton of the circuit of part (BD. 





supply. The voltage across C2 is, however, still very 
high so that it continues to discharge through R2 be- 
cause the voltage across C1 is very low. As C2 con- 
tinues to discharge, its electrons pile up оп С]. Thus 
Cl is charging up from two sources — from the B sup- 
ply and also from C2, As the voltage across C1 in- 
creases and that across C2 decreases, a point will be 
reached where the voltages across each will be equal; 
C2 will then stop discharging. Therefore, immediately 
after this period is reached, the voltage across C1 will 
be greater than that across C2, and the latter capacitor 
will start to charge again. 

From the circuit of Fig. 9-99B, we see that the out- 
put signal is taken across capacitors C2 and C3. The 
voltage across capacitor C3 is the nonlinear sawtooth 
with an exponentially rising characteristic. The voltage 
wave across C2 is, however, much different. During 
part of the time during which capacitor C3 charges, 
capacitor C2 is discharging. The amount of discharging 
that C2 undergoes results in a somewhat semicircular 
or parabolic waveshape across C2. Thus, while the ex- 
ponential voltage across C3 is convex, that across C2 
is concave. The time constants of the circuits are so 
arranged that the resulting waveform of the addition 
of the voltages across C2 and C3 is a fairly linear 
sawtooth, 

The curves of part (C) ideally illustrate the opera- 
tion of the circuit. In this graph, curve I is a normal 
exponential charging curve (where E is the maximum 
charging voltage) and, therefore, represents that of 








capacitor C3. Curve 2 represents the discharge of ca- 
pacitor C2. The time of C2 discharge is so arranged 
that when curves 1 and 2 are added together, they pro- 
duce a resultant linear curve as indicated by curve 3 
in the drawing. 

The circuit of Fig. 9-100A illustrates another simple 
method of linearizing a sawtooth wave by the addition 
of a new time-constant network. Resistor R2 and 
capacitor C2 are the added components, Nothing else 
in the circuit is changed from the conventional arrange- 
ment of Fig. 9-99A. This new circuit operates upon the 
same basic principles as that just discussed, whereby 
the linear trace of the resulting sawtooth depends upon 
the charging of one capacitor and the discharging of 
another. The circuit operates as follows : 

Let us assume a starting point with capacitors C1 
and C2 fully charged up from the B supply. The input 
‘signal biases the tube above cutoff, thereby making it 
conduct. The moment that plate current begins to flow, 
C1 and C2 both start to discharge through the tube, 
Capacitor C1 discharges very rapidly as compared to 
capacitor C2, because the high-valued resistor R1 is in- 
cluded in the discharge path of C2. As a result of this, 
by the time the tube becomes nonconductive, capacitor. 
C2 has only discharged a small portion of its voltage, 
whereas capacitor C1 is almost completely discharged. 
Once the tube becomes cut off, C1 charges up again 
from the B supply through R7 and R2, However, the 
voltage across C2 is much greater than that across C1, 
so C2 still continues to discharge, its discharging cur- 
rent piling up electrons on C2 and further charging this 
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capacitor. A point will soon be reached where the volt- 
age across C1 and C2 will be equal ; C2 will stop dis- 
charging and then begin charging through R2 from the 
B supply. Thus both capacitors are once again in a 
state of charge and when the tube becomes conductive. 
once more, the cycle of operation starts all over again. 

With the output sawtooth signal taken from across 
capacitor C1 only, the reader may at first wonder how 
the operation of this circuit will linearize the sawtooth 
signal, The answer to this is easily explained if we 
carefully consider the two charging actions on C1. We 
said that C1 charges up from the B supply and for a 
certain period of time also charges up as a result of the 
discharge of C2 through RI. The charging of CI 
from the constant-voltage source is the normal rising 
exponential curve. The discharging voltage of C2 is 
exponentially decreasing and part of this voltage is 
used to charge C1. Therefore, across CI we effectively 
have two charging voltages, that from the B supply 
having a convex shape and that from capacitor C2 
having a concave shape. The time constants of the cir- 
cuit are so arranged that the superposition of these two 
curves produces a fairly linear sawtooth signal across 
C1. 

The circuit of Fig. 9-100B is a rearrangement of Fig. 
9-99(A). In this circuit, resistors RZ and R2 are re- 
placed by a potentiometer ; the arm represents the junc- 
tion point of these two resistors, to which capacitor C2 
is connected. By the use of a potentiometer, it is easy 
to adjust the time constants of the circuit for the best 
possible linear sawtooth signal. The potentiometer in 
ıa circuit such as this is known as a “linearity” control. 











“Bootstrap” Feedback Circuit 

There are many different types of feedback circuits 
that are used to linearize a sawtooth sweep. One of the 
most common makes use of a cathode-follower circuit 
to correct the nonlinearity. Linearizing circuits utiliz- 
ing cathode followers are found in television receivers 
as well as in oscilloscopes. A simplified drawing of such 
‘a circuit appears in Fig. 9-101. This circuit is often 
called a bootstrap sweep. V1 represents the discharge 
tube which conducts only for a short period of time. 
‘Tube V2 is the cathode follower. Although a sawtooth 
voltage exists across capacitor C7, the output sawtooth 
voltage is usually taken across the cathode resistor of 
tube 2, as indicated in the drawing. Before we analyze 
the operation of the circuit, let us study a few of the 
features about a cathode follower that are of interest 
tous. 

The load in the cathode circuit of a cathode-follower 
stage is unbypassed, with the output signal taken 





Fig. 9-101.—A feedback circuit to linearize the sawtooth 
sweep, often called a bootstrap sweep. 


across this load. In the drawing of Fig. 9-101, resistor 
Ry represents the cathode load, The grid functions in 
the normal manner in that it receives the input signal in 
the usual manner, but the plate does not have any load 
resistor. The gain of a cathode-follower stage is always 
less than unity. The primary reason for this is that the 
signal voltage developed across the unbypassed cathode 
resistor is of opposite polarity and effectively in series 
with the signal on the grid, and degeneration occurs. 
Since all the signal voltage flows through Rs, the maxi 
mum amount of degeneration will occur. However, 
there is little or no frequency discrimination and what- 
ever attenuation does occur is the same for all fre- 
quencies within the pass-band of the circuit, Thus, the 
relative amplitude at the different frequencies remains 
constant even though degeneration does occur and the 
over-all frequency response in the output is unaffected. 

‘The gain of a cathode-follower stage is expressed as 











the cathode resistor. If the gq of the tube is high 


enough, or if R, is of a high value, such that the ex- 
pression 1/ge is much smaller than Ra, the gain of the 
stage approaches unity. However, since 1/gm cannot 
become zero due to the finite value of ga, then the over- 
all gain of the stage can never be greater than unity, 

‘The output impedance of a cathode-follower stage 
is not equal to the cathode resistor Ry alone. Due to the 
degeneration in the system, it can be shown that the 
equivalent output impedance, Zz, is actually 

1 

T 

+ 

From this latter equation, we can see that the trans- 
conductance of the tube is an important factor in deter- 
mining the output impedance. With proper choice of 
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the tube and the valne of R, the effective load imped- 
ance of a cathode-follower stage can be designed for 
matching purposes. The effective load is always smaller 
than the chosen value of Ry. Thus Re may be large 
enough to give the correct bias for operation of the tube 
but the effective load may be small if the gw of the tube 
is high, thereby providing a low-impedance output. 

Tt can also be seen that if the cathode resistance 
made quite high, as well as the gm of the tube being 
high, the quantity 1/R, will he very small and may be 
considered negligible compared to the gm of the tube. 
In this case, the effective load impedance becomes ар- 
proximately equal to the reciprocal of the transcon- 
ductance oí the tube. 











Zim. 


ГА om 


Thus, if the cathode resistor is made high enough, the 
effective load will be independent of it and solely de- 
pendent upon the gw of the tube, Ry making the effec- 
tive load independent of the cathode resistor Ky, a 
more constant impedance output from the cathode fol- 
lower can be obtained, 

We do know that the signal potential across the un- 
bypassed cathode resistor follows whatever varying 
lied to the grid circuit. Thus in the 
“bootstrap” circuit of Fig. 9-101, the grid is connected 
directly to the high side of charging capacitor C7 and. 
the cathode potential follows this charging voltage. 
‘You will notice in the drawing that the cathode of V2 
is tied to the junction of resistors RJ and R2 through 
capacitor C2, so that signal voltage from this cathode 
circuit is fed back to charging resistor R7. 1f the gain 
of the cathode-follower stage is so arranged that it is 
very close to unity, the voltage appearing at the cathode 
of F°2,will very nearly equal that across C1 during the 
periods of V1 cutoff. 

Capacitor C2 is charged up from the B supply and, 
if its value of capacitance is high enough, the potential 
across it will remain fairly constant. Therefore, the 
complete voltage across Ry is fed back to the junction 
of RI and R2 with a minimum amount of loss. This 
means that the voltage across charging resistor R7 will 
be substantially constant and this will result in a con- 
stant charging current for C1 flowing through R1. This 
results in a linear rising characteristic of the sawtooth 
sweep. 

The voltage across C2 does not remain entirely con- 
stant because, during the sweep, C2 discharges slightly. 

This feature, coupled with the fact that the gain of 
the cathode follower is actually less than unity, causes 
the voltage across R1 to decrease toward the end of the. 
trace of the sawtooth signal. This means that the result- 

















ing sawtooth signal is not perfectly linear, but has some 
curvature at the end of its trace. 

‘The resulting sawtooth signal nevertheless is quite 
lincar as compared to the case where a cathode follower 
is not employed. It can be shown that the same linear 
sawtooth wave would result if capacitor CY were being 
charged from a high potential source several hundred 
‘times greater than the actual applied voltage.!? It can 
also he Shown that the charging resistance of capacitor 
CI is effectively increased by a factor 1/(1-4) times 
the actual charging resistance, where A is the gain of 
the stage? Tt is interesting to note that since A is 
always less than unity, the effective charging resistance 
will always be greater than the actual resistance. If the 
gain of the stage approaches unity, the denominator in 
the expression 1/(1-4) approaches zero and the ef- 
fective resistance will approach infinity, 

By taking the sawtooth output voltage across the 
cathode resistor Ry in Fig. 9-101 instead of across C7, 
the cathode-follower stage can act as a buffer amplifier 
and also as an impedance-matching stage to the circuit 
following it. 





Linearization By Nonlinear Amplifier 

Another common method of linearizing the saw- 
tooth sweep is to use a nonlinear amplifier. Such meth- 
ods of linearity correction are not immediately notice- 
able at first because the correction amplifier is usually 
‘one of the deflection amplifiers of the system. Ry non- 
linear amplifier we mean one that has curved dynamic 
transfer characteristic (4 — e, curve). Such ampli- 
fiers are often referred to as logarithmic amplifiers be- 
cause the shape of their transfer characteristic is simi- 
lar to that of a logarithmic curve, Amplifiers that have 
such characteristic shapes generally utilize variable- 
mu, or remote-cutoff, tubes. 

By feeding the exponential rising sawtooth voltage 
to the grid of the amplifier, and adjusting the ampli- 
fier's transfer characteristic so that its curvature is 
approximately opposite to that of the input exponen- 
tial curve, the resulting sawtooth output signal will be 
fairly linear. 

The drawing of Fig. 9-102 will make this clearer. 
Curve A represents a portion of the transfer charac- 
teristic of a variable-mu amplifier tube, and curve B. 
the nonlinear sawtooth signal input to the amplifier. 
‘The bias on the amplifier is so adjusted that the input 
sawtooth signal operates over that portion of curve A 








39 Pockle, op. cit., pp. 4-96. 
20M.LT. Radar School Staff, “Principles of Radar,” 2nd ed. 
qp; 322. McGraw-Hill Book Co, Ine, New York, 
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Fig. 9-102—Graphical analysis of the linearization of the 
sawtooth sweep by use of a nonlinear amplifier. 


that helps produce a linear rising plate-current output. 
‘The result of this operation is indicated by the linear 
sawtooth at C in the drawing. 

A typical circuit utilizing such an amplifier appears 
in Fig. 9-103. In this drawing, V1 represents the tube 
through which C1 discharges to produce the fast re- 
trace ог flyback time of the sawtooth. Capacitor C1 is 
charged from the B supply through resistor RZ, and the 
resultant signal across CI is seen to bea sawtooth wave 





with an exponential trace which characterizes the non- 
linearity of the sweep. This nonlinear sawtooth sweep 
is resistance-capacitance coupled by R2-C2 to the grid 
of tube V2, which functions as the nonlinear amplifier. 
The plate voltage on this tube is adjusted so that the 
best possible transfer characteristic will be produced 
to correct the nonlinearity of the incoming signal. 





LiNtANTY 
CONTROL, 


Fig. 9-103.—A typical circuit using a nonlinear amplifier for 
improving the linearity of a sawtooth sweep. 


In many circuits, cathode bias is used on these am- 
plifiers. By employing potentiometer R3 in the cathode 
circuit, the bias on the tube can be adjusted so that the 
incoming signal can be made to operate over the best 
possible part of the transfer characteristic. In this 
manner, the linearity of the output signal can be some- 
what regulated, and thus R3 serves as a linearity con- 
trol, The linear sawtooth signal output is taken from 
the plate circuit of the tube. Component 4 represents 
the plate load for this tube. 


CHAPTER 10 


THE BASIC OSCILLOSCOPE 
AND ITS MODIFICATIONS 


‘There are in use a great number of different types 
and models of oscilloscopes. АП аге alike in some re- 
spects, but each has something in it or is labeled in a 
manner which makes it different from the others. 
Sometimes it is a technical detail and other times it is 
the selection of the names which identify the controls. 
Nevertheless there must be a common meeting ground. 
for all of these instruments. This is the basic oscillo- 
scope, a device containing the minimum number of 
essential sections which, when combined, form a unit 
of practical usefulness. The expansion of these sec- 
tions and the addition of other special circuits result 
in one or more of the different varieties of more elabo- 
rate equipment. 

We will assume no familiarity with the basic oscillo- 
scope on the part of the reader. The preceding chapters 
have established some background, but references to 
the device asa whole, as for example in Chapter 1, were 
very general in nature, It disclosed very little of what 
constituted the finished device. Chapters 2 through 9 
treated the theory underlying the various actions which 
occur within the unit, but the correlation of these ac- 
tions has yet to be given. It shall be done in the present 
chapter. 









THE BASIC OSCILLOSCOPE 


The basic oscilloscope is not a commercial instru- 
ment. It is an ideal device containing the various fea- 
tures common, and therefore necessary, to all oscillo- 
‘scopes. The basic oscilloscope is a working device. This 
it must be if we are to show how the sections perform 
and what one can expect to see on the screen under 
different circumstances. But the absence of standardi- 
zation of oscilloscope nomenclature makes it impossible 
to give names to the different parts of the basic instru- 
ment which will immediately correlate it with any real 
instrument. 

The problem is not in the circuits within the oscillo- 
scope cabinet. These are very much alike, in general, in 
all oscilloscopes, and, like radio receivers, differ only 
in minor details. The addition of circuits to expand the 
capabilities of the instrument presents no obstacles to 
the analysis, either. The problem that faces the reader 
is the association of the names of the elements of the 
basic device with their counterparts in the real instru- 


ment which one is studying or operating. We shall 
make every effort to aid in such correlation. 

In order to most clearly present the fundamental de- 
tails of the commercial oscilloscope, we shall treat the 
basic version as if it were divisible into a number of 
major and minor sections. This treatment will aid in 
associating the elements being discussed here with the 
elements in the device which the reader is studying or 
usi: Possible confusion due to the different names 
assigned to these sections in the commercial product 
is, therefore, minimized, All sections of the device are 
not always in use, although some are common to all 
pplications. Therefore, the combinations of sections 
must be identified in order to distinguish one arrange- 
ment from another in a particular application of the 
instrument. This is particularly pertinent in the choice 
of the switches which arrange the required combination 
of active sections, and also the variable controls which 
are associated with these sections and play a very im- 
portant role in the proper operation of the unit, 








‘Sections of the Basic Oscilloscope 


‘The basic oscilloscope can be divided into six major 
sections and three minor ones. The distinction between 
the two groups is based on the complexity of the cir- 
cuits associated with each, rather than on the contribu- 
tion made by each to the end result, It is a breakdown 
of convenience rather than an attempt to indicate the 
relative importance of the various circuits. By a major 
section we mean an assembly of tubes and circuit com- 
ponents which períorm a broad function ; by a minor 
section we mean as few as one or two circuit compo- 
nents, as for example, a potentiometer, or perhaps a 

tube and a few related components. The breakdown is 
obviously arbitrary and solely for the purpose of en- 
abling a certain form of presentation. Once the func- 
tions of the sections are understood, the division of 
duties as we describe them can be forgotten on an in- 
dividual basis and the instrument can be treated as a 
whole. The selection of the proper controls and 
switches associated with these sections will become 
automatic, for these rather than the sections them- 
selves enable the device as a whole to perform its 
duties. These are the switches and the controls that 
correlate the sections. But we must deal with the larger 
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segments first for they are all-inclusive; then we can 
subdivide them into their subsections. 

When listed in the order which permits their most 
logical discussion, these nine sections appear as 
follows: 

«The cathorle-ray tube 

. The beam intensity and focusing system 
. The beam-positioning system 

|. The vertical-deflection amplifier 

i. The horizontal-deflection amplifier 

6. The time-base system 

7. The synchronizing system 

8, The intensity-modulation system 

9. The power-supply system. 


2 
All of these, with the exception of the cathode-ray tube, 
are functional names ; they indicate, in the most general 
terms, what each system does as a part of the over-all 
action. Physically, all are located within the confines 
of the oscilloscope housing, and are accessible only by 
going inside the cabinet. Electrically, on the other hand, 
they are accessible, in most instances, from the face of 
the cabinet by means of switches and other controls 
which are mounted there. 
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Fig. 10-1.— Block diagram of 
basie oscilloscope. ән 


When illustrated in block diagram form, these nine 
sections of the basic oscilloscope are as they appear in 
Fig. 10-1. Each block has only one significance at this 
time, namely, the basic function indicated. The full 
meaning of these functions may not be clear yet ; they 
will become so as the chapter unfolds, Because of their 
association with signal circuits and with operating volt- 
age circuits, the blocks are tied to each other with dif- 
ferent kinds of lines. The signal circuits are shown by 
dotted lines and the power-supply circuits are shown 
by solid lines. The arrowheads indicate the direction of 
application of the signals and the operating voltages. 
The absence of continuity between the power-supply 
section and the cathode-ray tube via the intensity, 
focus, and beam-positioning controls is occasioned by 
the desire to simplify the drawing. The single-line sig- 
nal paths are possible because of common grounds at all 
points except at the output of the vertical and horizon- 
tal amplifiers, This is in contrast with the early ver- 
sions of cathode-ray oscilloscopes, the devices pro- 
duced during the early 1930's. In those instruments, 
‘one side of the amplifier output circuit was grounded. 
The practice has not been entirely discontinued and 
some instruments, few though they may be, still employ, 
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such circuits. Every device which has a single-ended 
output in the vertical or horizontal amplifier has one of 
the output terminals at ground potential. 

Before embarking upon the discussion of the func- 
tions of the sections, let us call attention to certain very 
significant details concerning the contents of Fig. 10-1. 
Everything of interest inside the device is not evident 
in this drawing, but two items deserve attention. These 
are the two switching arrangements. Because it would 
be premature at the moment to deal with names or 
labels for these elements, let us identify them as the 
switch adjacent to the block labeled SYNC SYSTEM 
and the switch adjacent to the block labeled HORI- 
ZONTAL AMPL. 

Each of these switches has three positions. In the 
former, the position INT connects SYNC SYSTEM 
(whatever it may be) to the VERTICAL AMPL ; the 
position EXT seems to go nowhere (temporarily 
only), and the position 60~ seems to connect SYNC 
SYSTEM to the POWER SUPPLY. This latter con- 
nection is fairly obvious, being the 60 cps somewhere 
inside the power-supply unit. 

‘The switch near TIME-BASE OSCILLATOR 
connects HORIZONTAL AMPL to TIME-BASE 
OSCILLATOR when set to INT position, to 
POWER SUPPLY when set to 60~SINE and ap- 
parently nowhere when in position EXT. 

We have a definite reason for focusing attention 
upon these two switches. Obviously they involve a 
number oí sections, five of them, specifically: the ver- 
tical amplifier, the synchronizing system, the power 
supply, the horizontal amplifier, and the time-base 
oscillator. The switches permit various combinations 
of these sections. Each of these combinations has a 
definite purpose and the switches are set at specific 
positions in accordance with the intended duties of the 
oscilloscope, thereby setting up the various combina- 
tions of sections necessary for the accomplishment of 
the desired results, The reason for pin-pointing the 
switches, which we have already mentioned, but an 
additional and equally important reason, is the fact 
that manufacturers of oscilloscopes have elected to 
assign different labels to these switches, and any at- 
tempt at the moment to correlate them with commer- 
cial equipment must be made in terms of what they do, 
rather than the names by which they are known. In 
fact, this situation is so aggravated that a separate il- 
lustration will be referred to later as the means of cor- 
relating the different nomenclatures with the sections 
they signify. But let us first deal with the broad details 
of the sections. 





The Cathode-Ray Tube 


The cathode-ray tube is the display element. By this 
time, we know that the electrical equivalent of the 
phenomenon being studied appears on the screen of the 
tube and additional details of this kind would be super- 
fluous. Much remains to be said, however, about the 
trace which appears on the screen. The actions of the 
different sections and controls within these sections 
have a profound influence on the character of the 
display. 

In this connection, Fig, 10-1 discloses that the tube 
(the deflection systems) receives signal voltages from 
two sections of the oscilloscope, the vertical and the 
horizontal amplifiers. These signals are carried to the 
deflection plates through the usual conducting wires, 
but sometimes they pass through jumpers which link 
connecting-point terminations of the deflection plates 
and the output systems of the two amplifiers, These are 
shown by the two pairs of small circles located in the 
paths of the amplifier output connections to the deflec- 
tion plates. These eight connecting points usually are 
found mounted on a terminal block, or perhaps four on 
each of two blocks, which are accessible at the rear or 
the sides of the oscilloscope cabinet. Sometimes they 
are located inside the cabinet, 

The remaining parts of the cathode-ray tube, that is, 
the heater, control grid, and other elements of the elec- 
tron gun, receive their operating voltages from the 
power supply. Among these voltages are those required 
for static positioning of the electron beam, and natu- 
rally, the voltages which govern the intensity and the 
focus of the beam, These are the four small blocks 
which are tied to the power supply and bear arrows 
indicating termination on the appropriate points of the 
cathode-ray tube. Inasmuch as the contributions made 
to intensity of the trace and the focusing of the beam 
by the different elements of the electron gun have been 
described in a previous chapter, we shall refrain from 
further comments concerning the behavior of the elec- 
trodes. The visible effect on the trace, however, will be 
discussed shortly. 

The screen of the cathode-ray tube is visible from 
the front of the cabinet, as was shown in numerous 
illustrations in Chapter 1. In connection with the 
screen, we might mention that sometimes a retractable 
light shield surrounds the tube screen and can be pulled 
out of or retracted into the cabinet. Its function is to 
shield the screen of the tube against incident light, thus. 
permitting greatest visibility of whatever trace appears 
on the screen. Also, a circular transparent plastic or 
celluloid sheet bearing a number of crossed lines, which 
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is attachable to the face of the tube by means of a num- 
ber of spring clips, may be in front of the tube face. 
Since we shall show examples of traces as they appear 
on the screen of the tube, this calibration scale is as- 
sumed removed ; otherwise the traces illustrated in this 
chapter will not be the same as those seen on the screen. 
When viewed through the crossed-line sheet, the traces 
appear to be broken, although this does not impair the 
ultimate utility of the calibration chart. So much for the 
details concerning the cathode-ray tube. The appear- 
ance of the trace will be discussed separately. 








The Beam Intensity and Focusing System 

Tt is advisable to discuss the intensity and the focus- 
ing systems together, even though the design of the 
modern-day cathode-ray tube is such that these two 
actions are somewhat independent of each other. But 
even under the best of conditions, a change in one will 
somewhat affect the state of the other. 

When intensity is referred to, it means two things, 
although in the end it still means the visibility of the 
trace when seen on the screen of the tube. Inside the 
tube, it means the electron density of the electron beam. 
‘The greater this density, the greater will be the bril- 
liance of the trace when seen on the screen. Practically 
speaking, it is the latter which deserves our attention, 
and because it also is influenced by another control, we 
must of necessity speak about the result of the focusing 
action at the same time. 

Inasmuch as we have shown in Chapter 8 that the 
trace is formed by a single dot of light which develops 
at the point of impact of the electron beam on the 
screen, we can explain the actions of variations in in- 
tensity and focusing in terms of the appearance of this 
luminous dot. In the main, its luminosity or brilliance 
is a function of the intensity adjustment (control), as 
is its size, but the correctly developed dot is the one 
which is smallest in diameter, being circular in shape, 
and is most brilliant. This cannot be achieved by means 
of the adjustment of intensity only ; it also requires cor- 
rect focusing or adjustment of the focus control. 

An example of 3 correctly focused dot is shown in 
Fig. 10-2, It is impossible to illustrate intensity, but it 


E Fig. 10-2—Properly focused spot. 








Fig. 10-3.—Spot with halation. 


can be described by saying that the minimum intensity 
consistent with adequate visibility under the operating 
conditions and proper focus results in the correctly 
proportioned spot dimension as well as in the spot of 
correct brilliance. This comes about as the consequence 
of the fact that increasing the intensity will increase 
the spot dimension with or without correct focusing, 
Another visible condition also accompanies the varia- 
tion in intensity, namely, the development of one or 
more secondary rings of light around the primary spot. 
These are known as halos, and their appearance is 
shown in Fig. 10-3. 

The use of the minimum intensity and correct focus- 
ing cannot be set down as a rigid rule under all condi- 
tions of use; incident light on the face of the cathode- 
ray tube will reduce the visibility and demand that 
greater intensity be used. This may result in a halo even 
"when the electron beam is properly focused, but if the 
screen is being viewed ünder what might be cons 
ered special conditions, that is, from a relatively great 
distance under brightly lighted conditions, the halo 
will tend to disappear from view. At least it will not be 
bothersome to the eye. 

Such operation is not the best as far as tube screen 
life goes, but circumstances alter conditions. It is im- 
portant, however, even then, not to use greater inten- 
sity than is necessary to achieve the desired visibility 
moreover, the better the degree of focus, the less will 
be the required electron density in the beam in order to 
achieve greatest brilliance. 


Fig. 10-4—Unfocused ellipti- 
cal spot. 
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Concerning the normal focusing action, the degree 
of focusing has a bearing on the size of the dot of light, 
and on its roundness as well, As a matter of fact, an 
unfocused spot will more than likely be elliptical in 
shape, with its axis either vertical or horizontal, as 
shown in Fig, 10-4. It will have the outline of an egg 
held upright or lying on its side. Neither one is ac- 
ceptable, and they must be corrected. With this depar- 
ture from roundness there also takes place an expan- 
sion in its dimensions. Fig. 10-5 shows an unfocused 
spot which is circular in shape. 





Fig. 10-5 —Unfocused cir- 
cular spot. 





‘Summarizing the functions of the beam intensity and 
focusing systems, we note that they affect both spot 
dimension and brilliance. Applying this to the practical 
application of the tube, we might well comment that 
even under correct conditions, all tubes are not de- 
signed to give equal-sized traces of the beam at the 
point of impact. While it is true that even in the case. 
of the largest spot, it is a very small fraction of an inch 
in diameter, as described in Chapter 2, all cathode-ray 
tubes cannot be adjusted to give the same spot size. 





10 
trace with intensity too 
great. 





Another very important point to bear in mind is that 
the static (undeflected) spot brilliance will not neces- 
sarily be the correct one when the electron beam is 
deflected and the spot moves across the screen. The 
size and the brilliance of the spot are related to the area 
of the time during which the screen material is excited 
by the electron beam. If the beam is in motion, the 
period of screen excitation is reduced at every point 
where the beam strikes the screen, being least at that 
point in the cycle of the phenomenon where the rate of 
change is greatest. In general, the brilliance of the trace 
will be materially reduced. This means that the inten- 





Fig. 10-7. — Horizontal 
trace with proper intensity. 


sity setting must be increased, and each increase in 
intensity will demand a readjustment of the focus, Ex- 
cessive intensity under such conditions will result in a 
traveling halo and will tend to make examination of 
the trace more difficult, Purely as a means of convey- 
ing an impression, Fig. 10-6 illustrates the appearance 
of a straight-line trace (horizontal deflection) when 
the heam density is too great, and Fig. 10-7 shows such 
a trace when the spot dimension is correct, The line in 
the former is too broad and would impair analysis of a 
quantity which involved numerous variations in am- 
plitude during each cycle. 

Another item of a practical nature relates to the life 
f the screen when an undeflected beam of high density 
(high brilliance) is allowed to remain stationary at 
one point on the screen. It can very rapidly burn the 
screen. This is an irreparable damage, and while it does 
not impair the utility of the other parts of the screen, it. 
might tend to cause annoyance when examining a 
trace. So, if the beam is to remain stationary on the 
screen for a prolonged period of time, the intensity 
must be reduced. It is an excellent precautionary meas- 
ure. The beam need not be extinguished completely ; if 
it is just visible, it will not damage the screen coating. 
High intensity is undesirable also when the beam is in 
motion and is retracing the same path over and over 
again, especially when the tube is displaying a low- 
frequency action. Again we stress that the intensity 
should be the lowest consistent with visibility. High 
intensity when the beam is traversing the same path at 
a rapid rate will not damage the screen, but the lower 
the intensity, the less will be the possibility of damage 
under any circumstances. 














The Beam-Positioning System 

The duties of these systems are expressed by the 
heading of this paragraph, although several interesting 
details may be given. Reference to Fig. 10-1 discloses 
that the two systems appear in the basic oscilloscope, 
and we might well add here that they are common to 
all such devices regardless of their category. One af- 
fords control of the static position of the beam along 
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Fig. 10-8.—Various undefiected spot positions 


the vertical axis of the screen, and the other gives con- 
trol of the beam location along the horizontal axis of 
the screen. Reference to the "static position" should 
not be construed to mean that the controls are ineffec- 
tive when the beam is in motion, for, as a matter of fact, 
they not only are very useful then, but the frequency of 
their use in that manner is as great as, if not greater 
than, when the beam is undeflected. 

Since the normal process of deflection of the elec- 
tron beam has been established, it is quite in order to 
say that the beam-positioning systems are means 
whereby the two plates of each deflection system are 
subjected to a fixed d-c voltage which establishes a 
deflection field between each pair of plates. These fields 
are the mean values around which the normal a-c sig- 
nal-deflection fields vary, much as a signal applied to a 
biased grid will cause that grid to vary in potential 
around the steady bias value, When the signal-deflec- 
tion fields are absent, the steady d-c fields locate the 
electron beam relative to the screen surface, according 
to the intensity of the positioning field. This point cor- 
responds to the zero-voltage value of the signal-deflec- 
tion field, so that by varying the positioning voltage 
field, the trace as a whole can be shifted to any point on 
the screen which suits the purpose of the viewer. 

By means of a positioning voltage applied to the ver- 
tical plates, the point of impact of the electron beam on 
the screen may be moved vertically across the screen 
surface, and by means of the positioning voltage ap- 
plied to the horizontal-deflection plates, the beam may 
be moved horizomtally along the screen. While these 
words describe the action in general terms, it might be 
‘well to remark that this motion may be limited by other 
undesirable conditions within the oscilloscope. This 
should not be taken to indicate a deficiency in the beam- 
positioning circuits, but rather as the explanation of 
the performance specification which states the maxi- 
mum linear movement of the beam possible by means 
of the positioning systems. Certain circuit designs in- 
troduce complications when the beam-positioning con- 


trols are advanced beyond certain reasonable limits, 
although the amount of beam displacement normally 
allowed is more than ample for all conventional uses of 
the tube. Strangely enough, these effects are encoun- 
tered more frequently in the elaborate versions of the 
oscilloscope than they are in the basic units, but only 
when the stated limits of beam positioning are ex- 
ceeded. 

Before concluding the subject of beam-positioning 
systems, we are anxious to emphasize the fact that 
when beam positioning is used when the beam is un- 
deflected, usually it ıs restricted to the location of the 
spot at the geometric center of the tube, Seldom is the 
location of a trace of an action positioned on the screen 
by moving the undeflected spot ; the normal procedure 
is to position the complete trace. In that way, the num- 
ber of readjustments necessary for the display of the 
complete wave is kept to a minimum. Although the 
meaning of different static beam positions on the screen 
of a cathode-ray tube has been intimated on a number 
of past occasions, Fig. 10-8 shows several views of the 
cathode-ray-tube screen with the undeflected post vari- 
ously positioned. The correct one under conditions of 
static deflection, that is, in the absence of deflection, is 
at the center of the screen. 





The Vertical-Defiection Amplifier 


The vertical-defection amplifier, also known as the 
Y-axis amplifier, is the path by which the signal being 
studied generally reaches the vertical-deflection plates. 
This qualification is necessary because under certain 
conditions, the vertical amplifier is not used ; however, 
for the present, we shall imagine that it is the path for 
the signal. 

Essentially, it is an amplifier or group of amplifiers, 
possessing specific capabilities and beset by the usual 
limitations of amplifiers. It is the means of raising ог 
lowering the signal level to that required by the deflec- 
tion system for a trace of useful proportions. Physically 
speaking, the entire amplifier is located inside the cabi- 
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net, but its related controls are mounted on the panel 
of the instrument. These are associated with the input. 
system of the amplifier, whereas the output connections 
either terminate at a terminal board which also carries. 
the connections for the two vertical-deflection plates of 
the cathode-ray tube, where they are linked by means 
of jumpers (as shown in Fig. 10-1), or they are con- 
nected directly to the deflection plates inside the oscil- 
loscope unit. 

Signal input to the vertical amplifier is accomplished 
in two ways, either through the use of binding posts or 
by means of a connector socket which will accommo- 
date the male plug at the end of an input cable which 
allows for a comparatively remote location of the signal 
source, The latter arrangement, however, is not always 
a part of the equipment, whereas binding posts are 
standard in almost all cases, and are the means used in 
the basic oscilloscope. We might mention that in a few 
isolated cases, binding-post connectors are replaced by 
pin-jacks. 

The amplitude of the signal which issues from the 
vertical amplifier is controlled by the vertical-ampli- 
fier attenuator and for the vertical gain control which 
is in most cases located at the input of the amplifier and 
determines the magnitude of signal admitted into the 
amplifier proper. This portion of the amplifier is rep- 
resented on the front panel of the oscilloscope by 
either one or two controls, depending on the design of 
input system of the vertical amplifier, or more spe- 
cifically depending upon the design of the attenuator 
system, In general, this element appears as a single 
potentiometer, a step voltage divider, operating in con- 
junction with a continuously variable potentiometer, 
but in a few examples of the basic oscilloscope, it con- 
sists of'two units. Whichever it may be, the fact re- 
mains that it is the means for controlling the signal in- 
put to the amplifier, and iu that way the signal output 
from the amplifier, the latter being a fixed gain system. 

The input signal attenuator and the vertical ampli- 
fier are connected so that the attenuator is not available 
for use without the amplifier ; neither is the amplifier 
available for use without the attenuator, although, as 
would be expected, the latter can be adjusted by proper 
setting of the controls so that its presence in the circuits 
has negligible effect. In other words, it does not atten- 
uate the signal ; this is like any other attenuator system 
used with an amplifier. 

In the light of the normal function of an amplifier, it 
might be well to comment that the vertical amplifier in 
the oscilloscope performs a dual function, or rather the 
attenuator in the amplifier performs these functions. 
Normally an amplifier is required to raise the signal 














level, but sometimes the conditions of operation are 
such that the signal to be fed to the vertical-deflection 
plates for display exceeds the required value ; the ver- 
tical-amplifier input control is then needed for reducing 
the signal level to the value necessary for the display 
of a trace of suitable proportions. Under the circum- 
stances, the vertical amplifier always should be in the 
circuit (if its performance characteristics allow it), 
even if its only purpose is to reduce rather than in- 
I-voltage level. 

Asa final comment for the present, we might remark 
that the vertical-amplifier attenuator is a much more 
important device than may appear from the casual 
treatment we have given it, In fact, that part of the 
vertical amplifier is so important and so far-reaching 
in its effects that it receives very special attention later 
in this chapter. Normally in most oscilloscopes of the 
basic variety, the vertical-amplifier attenuator is a 
simple potentiometer type of voltage divider. It is en- 
tirely adequate for the investigation of sine-wave phe- 
nomena and even some nonsinusoidal waveforms, 
though the latter demands more serious consideration 
than the former. As a control of sine-wave signal am- 
plitude, the device is simply a signal-level control and 
its frequency characteristics are of little importance. 
In other kinds of work, however, its frequency effects 
may be serious, sufficient to impair the usefulness of 
the display, Because of this, the units designed for more 
serious research work in the realm of high frequencies 
and pulse techniques make use of a more elaborate at- 
tenuator network. This is shown and discussed else- 
where in this chapter. 

The vertical amplifier in an oscilloscope i 
plete system and must be used as a complete unit. 
Facilities for varying the number of tubes used for 
amplification, or the operating voltages, generally do 
not exist. All the circuits are fixed and remain that way 
during use. At the moment we know of but one excep- 
tion to this statement and this only in a very elaborate 
version of the oscilloscope. Whether or not the prac- 
tice will become more prevalent in the future, no one 
knows. 

In view of the fixed gain nature of this amplifier and 
the fact that the input signal is varied in level, one can 
readily appreciate the existence of a minimum input 
signal level in order to develop an output signal of 
suitable magnitude. This would correspond to the input 
voltage with zero attenuation. As a rule, this is not 
difficult to secure, but the occasion may arise when it 
is not available, in which event, either an additional 
amplifier is added between the signal source and the 





crease the si 














а сот- 


278 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


input of the oscilloscope amplifier, or the oscilloscope 
cannot be used for the purpose of observing that signal. 

While on the subject of signal voltages at the input 
of the vertical amplifier, it might be well to state that 
each such amplifier bears a rating of the maximum 
voltage which may be applied across the input termi- 
nals. This usually refers to the d-c voltage between the 
point» to which the input of the amplifier is connected. 
In that way, breakdown of the isolating capacitor used. 
at the input of a-c d-c amplifiers is avoided, and d.c. is 
kept from the input tube, In the сазе of d-c or zero- 
frequency amplifiers, a similar rating exists, but this 
time in connection with the ability of the attenuator 
element to withstand the full d-c voltage which is ap- 
plied across it. 

Amplifiers which feed the vertical-deflection sys- 
tems in oscilloscopes or in other devices which utilize 
cathode-ray tubes differ in many ways. One of these 
differences, namely, the frequency response or band- 
width, was discussed in Chapter 1. As far as the basic 
oscilloscope is concerned, the pass-band of the vertical 
amplifier is of little consequence. It has no bearing on 
how the device is employed, but it does influence the 
nature of the work which can be done with it, which is 
an entirely different matter. 

‘As far as gain in the system is concerned, a variety 
of figures exist, although a fair approach to standardi- 
zation is to be found among oscilloscopes intended for 
use in the same field, or instruments which are offered 
within any one price range. This is natural, inasmuch 

ilar applications dictate similar requirements ; 
from the economic viewpoint, the same factors of cost 
and profit apply in virtually all manufacturing locali- 
ties, In general, however, equipment capabilities in- 
crease with sales price if for no other reason than that 
buyers expect more for more money. As a factor deter- 
mining cost, frequency bandwidth is very important ; 
the greater the bandwidth of an amplifier, generally the 
higher is the cost of the instrument. The reason for this 
will become evident when we describe the means of ob- 
taining wide bandwidths. 

Another point of difference is the number of stages 
of amplification. This influences the frequency range 
of the unit, its ovér-all gain, and also the phase of the 
signal at the output relative to the signal at the input. 
Functionally, the latter condition is not a limiting factor 
in any way, because its only effect is to determine the 
direction of movement of the spot on the screen relative 
to the instantaneous polarity of the signal at the input 
of the amplifier. The only reason for mentioning this 
fact is that an identical signal fed into two oscilloscopes 
of different make may cause the spot to move in oppo- 
site directions. 














The HorizontalDeflection Amplifier 

When considered alone, the horizontal-deflection 
amplifier or horizontal amplifier as itis more frequently 
known, or the X amplifier (which is still another name 
for it), should be considered as simply another ampli- 
fier. It derives its name from its association with the 
deflection system to which it normally channels signals 
applied to its input, Its output terminals connect di- 
rectly to the horizontal-deflection plates, or to a termi 
nal board where a pair of jumpers link the amplifier 
output with the two deflection plates. 

Functionally speaking, itis the channel whereby the 
signal destined for horizontal deflection is either raised 
or decreased in level as required for the development 
ofa trace of reasonable proportions on the screen of the 
tube, In this respect, it serves exactly the same pur- 
pose as the vertical amplifier, There are other points of 
similarity between the two, as well as points of differ- 
ence. 

The treatment of the signal applied to the input of 
the horizontal amplifier is very much like that found in 
the vertical-deflection channel. The signal may be ap- 
plied via two binding posts, which are sometimes re- 
placed by pin-jacks, or it may be fed to the amplifier 
via internal wiring controlled by a switching arrange- 
ment. Either way, the signal is under the control of the 
input attenuator and this element may be a single po- 
tentiumeter, or it may be a two-section system consi 
ing of a step attenuator and a continuously variable 
resistor, Whichever it is, the fact remains that the 
amplifier proper is a fixed gain system and the attenu- 
ator determines how much signal enters the amplifier, 
and, therefore, the magnitude of the signal which leaves. 
the amplifier and is applied to the horizontal-deflection 
plates. 

Unlike the vertical amplifier, the input of the hori- 
zontal amplifier may be tied in electrically with other 
sections of the oscilloscope, as indicated in Fig. 10-1 
and as will be shown shortly. However, it also is able 
to receive a signal from a source external to the oscillo- 
scope, this external signal being applied via the binding 
posts or the pin-jacks. Obviously, every signal ampli- 
fied by the horizontal amplifier need not be the time- 
base signal. This is evident in Fig. 10-1 and also from 
the remarks in the last two paragraphs, but it can bear 
repetition because of the very close association be- 
tween the horizontal deflection and the time-base volt- 
age in oscillography. 

The electrical characteristics which have been de- 
scribed in connection with the vertical amplifier find 
their parallel in the horizontal amplifier, for, after all, 
it still is an amplifier, even if its function in the oscillo- 











THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 279 


scope differs from that of the vertical channel. Its 
number of stages is fixed so that its gain is fixed. In 
this respect, we know of no exceptions. So, when used 
as an amplifier for an external signal, minimum signal 
levels exist at its input relative to a trace of proper 
dimensions on the screen of the tube. This time the de- 
flection factor of the horizontal-deflection system is the 
determining influence. 

Like the vertical amplifier, the horizontal amplifier 
has definite frequency bandwidth, and this bandwidth 
exerts a great influence on the suitability of the device 
for a signal. It so happens that in the case of the hori- 
zontal channel, its bandwidth requirements are not as 
severe as those for the vertical amplifier, but only in 
connection with the amplification of the sawtooth oscil- 
lator signal. If as wide a range of signal varieties are to 
be passed through the horizontal amplifier as through 
the vertical amplifier, then the same basic requirements 
apply to both, This is not the case in practice, however, 
except for certain operations, which are, therefore, 
limited in scope if the two amplifiers bear unlike fre- 
quency ratings. Because this is the general practice, 
and since the fundamental purpose of the horizontal 
amplifier is the amplification of the sawtooth signal 
from the time-base oscillator, the frequency bandwidth 
rating of the horizontal system usually is less than 
that of its vertical counterpart. This was brought out 
in the general discussion in Chapter 1 but is elaborated 
somewhat here, 

The problem of bandwidth is a major one in oscillo- 
scope amplifiers, It stems from the requirements of 
nonsinusoidal-wave amplification. This subject is 
treated in full detail later in this chapter, but for the 
present let it be said that all nonsinusoidal waves do not 
have the same harmonic composition. Therefore, the 
ability of an amplifier to accept and pass such a wave 
and yield a reasonable reproduction of the wave at the 
‘output is determined by both the fundamental fre- 
‘quency and the number of harmonics of that frequency 
which the amplifier will pass, and, moreover, the num- 
ber of harmonics which are considered necessary for 
acceptable reproduction, 

In a few instances, the frequency bandwidth of the 
horizontal amplifier equals that.of the vertical ampli- 
fier, but, as a general rule, the horizontal amplifier of- 
fers coverage at a lower frequency, but at the high end. 
falls far short of the vertical amplifier. In the wide- 
band oscilloscopes, the ratio between the upper-fre- 
quency limits of the two amplifiers may be as low as 
5:1 of they may be as high as 20:1, depending on the 
individual design. In the general run of low-band and 
medium-band units, what we might call the basic ver- 








sions, the ratio may be from 1:1 to perhaps 5:1, in all 
cases the larger quantity designating the vertical am- 
plifier. 

There is a definite reason for this, and while it may 
be somewhat premature at the moment, we might men- 
tion it here. Certainly it will be more understandable 
by the time the chapter is completed. The first reason 
is the frequency bandwidth of the time-base oscillator, 
and we might just as well have placed the time-base 
oscillator first in explaining the reason for the reduced 
bandwidth of the horizontal amplifier. To begin with, 
‘an ideal portrayal of a quantity, taking all things into 
account, requires about three cycles to appear on the 
screen. This means that the time-base oscillator must 
have an output voltage at a frequency about one-third 
that of the lowest frequency which may be passed 
through the vertical amplifier. Sometimes this is true 
and sometimes it is not, the latter being the case when 
two cycles of the quantity under investigation is the 
basis used in design. Whichever it is, it explains why 
the horizontal amplifier extends lower in its frequency 
limit than the vertical amplifier, and immediately es- 
tablishes the relationship between the low-frequency 
requirement of the time-base or sweep oscillator and 
the lowest signal frequency acceptable to the vertical 
amplifier. 

At the high end of the horizontal-amplifier pass- 
band, we find a different situation, To explain all of 
this at this time is unfair because it would impose an 
undue burden on the reader since the explanatory text 
is yet to come, but we might make a few brief remarks 
which will at least shed some light on the matter. The 
basis of design for most oscilloscopes is square-wave 
rather than sine-wave reproduction. Any oscilloscope 
which will give a good version of a square wave of a 
certain fundamental frequency will reproduce a wave 
of many time that frequency, usually twenty to perhaps 
fifty times the frequency, depending upon the individ- 
ual design. At any rate, the time-base oscillator fre- 
quency for the display of a number of cycles of the 
square wave or some other nonsinusoidal wave is de- 
termined by the fundamental frequency of that wave 
and not by the highest harmonic components contained 
їп that wave. Moreover, the time-base oscillator out- 
put isa sawtooth wave and a good reproduction can be 
obtained (as will be shown later) with only seven har- 
monics of the fundamental, so that if an oscilloscope is 
described as being capable of displaying a 10,000-cps 
square wave which would call for a 200,000-cps top 
frequency in the vertical-amplifier pass-band, the hori- 
zontal amplifier need pass only about (10,000/3) X 7, 
or 22,000 cps, in order to properly display that wave, 


280 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


since the time base then would be adjusted to 10,000/3, 
or 3,333 eps. 

If weare to become more severe in our requirements 
and say that a basic oscilloscope is capable of displaying 
a $0,000-cps square wave by having a vertical-amplifier 
ppass-band of 1,000,000 eps, the highest frequency to 
be passed by the horizontal amplifier is only 
(1,000,000/3) x 7, or 220,000 eps, if we show three 
cycles of the square wave. 

More elaborate oscilloscopes are designed with the 
idea of attaining better reproduction of a square wave 
than would be obtained when twenty harmonics were 
passed by the vertical amplifier. This is why their ver- 
tical amplifiers have such a very wide pass-band. But 
this would not alter the situation we have described 
relative to the requirements of the horizontal amplifier, 
or the time-base oscillator. If their vertical amplifiers 
have a higher top frequency, to accept square waves of 
higher fundamental frequency, the horizontal-amplifier 
bandwidth increases proportionately, in order to ac- 
commodate the oscillator frequency, which has been 
increased to give the same three cycles of the wave on 
the screen. 

Obviously, the lower the bottom frequency of the 
horizontal-amplifier pass-band, the better, provided 
that the vertical-amplifier pass-band has a sufficiently 
low frequency limit, which usually is the case. By the 
same token, the higher the upper-frequency limit of the 
horizontal amplifier relative to the highest sawtooth 
frequency available from the time-base oscillator, the 
better. In most general-purpose instruments, this ratio 
is about 3:1, and considering the general run of appli- 

i seems adequate, although personally we 
would like to see a higher figure, if only because of the 
usual rating of the time-base oscillator. A high upper 
frequency in the latter and a relatively low upper-fre- 
quency limit in the former аге not compatible. Here 
are some figures which show the vertical- and horizon- 
tal-amplifier bandwidths relative to the frequency 
range of the time-base oscillator in the same instru- 
ments, These few cases were selected at random. 




















Vertical- Horizontal- Time-Base 
Amplifier“ Amplifier Frequency Range 
Bandwidth Bandwidth (eps) 
(cps) (cps) 
15-100,000 15-100,000 8-30,000 
2-200000. 1100000 015-5000 
10-1,000,000 5.250000 103000 
5-11,000,000 2-500000 5-100000 
2-100000 2-100000 3-30,000 


All of the oscilloscopes tabulated above are not basic 
instruments, although four of the six are, but it is 
clearly evident that these devices are designed for cer- 
tain purposes. Take, for example, the oscilloscope with 
a horizontal bandwidth of $-250,000 cps and a time- 
base oscillator frequency range of 10-30,000 eps. If 
we are to show three cycles of a signal on the screen, 
the lowest frequency fed to the vertical amplifier is 
limited to 30 eps, but this is satisfactory to the market 
for which this device is intended, namely, television 
maintenance, for which work a bottom limit of 30 eps 
to the vertical system is adequate, Of course, if a single 
cycle is to be shown, then the bottom limit of the verti- 
cal signal frequency is 10 eps. When used alone, the 
vertical and horizontal amplifiers will accept frequen- 
cies of 10 and 5 cps, respectively. 

Tt might also be of interest to comment that the rated 
frequency limits of the vertical and horizontal ampli- 
fiers are not the actual limits ; each amplifier will accept 
sine waves of low frequency, as is described later in 
this chapter, Relative to the amplification of sine 
waves, the meanings of all of these pass-band limits 
and even the frequency range of the time-base oscil- 
lator differ, but we must hold the discussion of those 
meanings in abeyance until later in this chapter, when 
we have described certain operations which permit the 
examination of fewer cycles than are indicated by the 
ratio of the frequency of the time-base oscillator and 
the signal fed into the vertical-deflection plates. 

We might take this occasion to remark that the 
upper limit of the horizontal-amplifier bandwidth will 
have a tremendous influence upon the linearity of the 
sawtooth time-base voltage when its source is adjusted 
to a relatively high frequency. This is covered in de- 
tail later in this chapter, but we cannot refrain from 
mentioning at this time that the useful frequency limit. 
of the time-base oscillator is determined by the upper 
limit of the horizontal-amplifier bandwidth. A ratio of 
about 7:1 between the upper-frequency limit of the 
horizontal-amplifier bandwidth and the top frequency 
of the time-base oscillator is the smallest that can be 
used, still retaining some semblance of linearity in the 
sawtooth. This is a debatable point, we admit, because 
different individuals have different ideas of what de- 
parture from perfect conditions is acceptable. In this 
connection, we might also mention that horizontal- 
amplifier bandwidths invariably are quoted in terms of. 
sine-wave amplification, and only occasionally is refer- 
ence made to the fundamental frequency limits of saw- 
tooth and square waves which may satisfactorily be 
passed through the amplifier. The wide-band oscillo- 
‘scope specifications pay more heed to these require-, 
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ments than the medium- or low-band devices. The full 
specifications of almost all oscilloscopes will be found 
in Chapter 22. 


The TimeBase System 

The next major system in the basic oscilloscope is 
the time-base system, also known as the sweep system. 
The latter term is conimonly used to identify the origin 
of the horizontal-deflection voltage necessary for the 
production of the pattern which shows changes in am- 
plitude of the trace with time— the waveform. In 
view of the detailed attention paid to the time base in 
the preceding chapter, itis unnecessary to dwell at any 
length upon its reasons for being a part of the oscillo- 
scope. 

Itis, however, imperative to identify clearly the com- 
position of the system as a whole. It is generally divis- 
ible into two parts. Referring to Fig. 10-1, one of these 
is the time-base oscillator, which is the source of the 
sawtooth voltage that causes the linear movement of 
the spot in the horizontal direction. The other part is 
the sine-wave time base which generally is used for 
alignment purposes rather than waveform observation. 
This time base was not discussed among the linear time 
bases in Chapter 9, but is given attention in Chapter 
13, For the present we can describe it as being simply 
‘a single-frequency sine-wave voltage. The important 
item to bear in mind is that future references to the 
time-base system include both types of time-base volt- 
ages, whereas reference to the time-base or sweep 
oscillator means the sawtooth generator alone. Both 
types are representative of repetitive sweeps, in that 
they repeat the horizontal displacement of the electron 
beam until the action is deliberately stopped. The se- 
lection-of either kind of time-base voltage, or rather 
the source of either voltage, is another function of one 
of the switches on the panel of the oscilloscope. 








The Time-Base Oscillator (Sawtooth) 

Reference to Fig. 10-1 shows that the time-base os- 
cillator is associated with two other sections of the 
oscilloscope, the synchronising system as well as the 
horizontal amplifier. But before we can explain this 
association between the sections, the capabilities of the 
time-base system deserve a few remarks. 

‘The sawtooth-voltage generator is a variable fre- 
quency device with a sawtooth-shaped voltage output. 
Its general range was referred to in the preceding 
table, although itis true that these few examples do not 
give a complete cross-section of the art. But they do 
quote enough figures to establish that the output is 


variable over a range. The fact that all oscilloscopes do 
not employ identical sweep oscillators also is evident. 
Finally, the lower limit may extend to below 1.0 cycle. 
In this connection, it might be of interest to comment 
that some instruments employ sweep oscillator systems 
which require several secunds of elapsed time for the 
electron beam to complete one excursion across the 
screen, 

There are many different ways in which the saw- 
tooth time-hase voltage may be used, but for the pres- 
cent, we will focus our attention on the basic function 
only, that is, the voltage required for the horizontal 
displacement of the beam to show the waveform of the 
quantity. The path of the sawtooth voltage for such 
‘operation is from the oscillator to the horizontal ampli- 
fier, and then to the horizontal-deflection plates of the 
cathode-ray tube, In some oscilloscopes of other than 
the basic variety, provision is made for feeding the out- 
ppt of the sawtooth-voltage source to an external cir- 
cuit for testing or other purposes. There are two con- 
trols that are associated with the time-base or sweep 
oscillator on the basic device (and on most of the others 
as well). Both appear on the front panel. One is a mul- 
tiposition switch which selects the frequency band of 
the oscillator. The second is continuously variable 
(usually a potentiometer) and is the means whereby 
the frequency within the range selected is accurateh 
adjusted to the exact value required to properly dis 
play the signal fed to the vertical-deflection system. 

Since the calibration of these systems is only approx- 
imate, an idea of the frequency of the signal being ex- 
amined is valuable in selecting the proper setting of the 
range switch, although it does not require too much 
time to establish the proper conditions of operation 
even when the frequency of the vertical-amplifier sig- 
nal is not known. Recognition of the required direction 
of change in the setting of the coarse range switch 
comes easily as a result of familiarity with the patterns 
on the screen. Details of these operations follow later 
in this chapter. 














Sine-Wave Time-Base Voltage 

The sine-wave time-base voltage, on the other hand, 
is a much simpler matter. As we have said before, it is 
a single-frequency signal and it usually is secured from 
the power supply as shown in Fig. 10-1. In the United 
States, this is 60 cps in virtually all instances. A minor 
departure from this value is of little consequence, since 
the conditions of use, as a rule, are such that the signal 
which is being observed also varies at the same rate as 
the sine-wave sweep. In some cases which do not 
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rightfully belong in this discussion, a 120-cps signal 
also is made available as a sine-wave time-base voltage. 
This is dealt with in detail in Chapter 16. 


‘The Synchronizing System 

This part of the instrument is one of the relatively 
simple assemblies, although its contribution is very im- 
portant, It is the means whereby the pattern on the 
screen is made stationary for observation, Studying a 
pattern is out of the question unless it is “stopped” for 
casy examination by the eye. Any attempt to follow the 
variations in amplitude of a pattern which is moving is 
virtually impossible, even when its motion is relatively 
slow. 

Although represented by a simple control, usually 
nothing more than a potentiometer type of voltage 
divider (sometimes associated with special amplifiers), 
we nevertheless identify the entire arrangement as a 
system simply because it is associated with a switching 
arrangement which we referred to earlier and which is 
shown in Fig. 10-1. By means of this synchronizing 
arrangement, the sawtooth time-base oscillator may be 
"locked in step" with the frequency of the signal being 
fed to the vertical-deflection plates and the electron 
beam is made to retrace repeatedly the same path on 
the screen. The net result is that the pattern appears 
stationary to the eye. 

‘The synchronizing process is in itself a simple one, 
being nothing more than the injection of a small 
amount of "control" voltage into the sawtooth time- 
base oscillator circuit, which by this means is made to 
oscillate at a frequency that is either the same as, or an 
integral submultiple of, the control-voltage frequency. 
Since the control voltage is either a small portion of the 
signal being applied to the vertical-deflection system, 
or is an integral multiple of that signal, it can synchro- 
nize the time-base oscillator to stay in step with the 
signal being examined. 

Since the behavior of the sawtooth oscillator is de- 
termined by the magnitude of the control voltage in- 
jected into it, means are provided for varying the am- 
plitude of the synetfronizing signal. This is the function 
of the synchronizing control which is located on the 
panel of the oscilloscope. The remainder of the syn- 
chronizing system consists of means for securing the 
control voltage from sources other than the vertical 
amplifier, in order to satisfy different conditions of 
‘oscilloscope use. For example, if the vertical amplifier 
is not being used for any one of a number of reasons, 
the signal to be examined is fed directly into the verti- 
cal-deflection system. Synchronization of the sawtooth 


time base may be necessary and, in this event, the syn- 
chronizing voltage is secured from the source of the 
vertical signal. This source furnishes a synchronizing 
(control) voltage to the synchronizing amplitude con- 
trol, from whence it is fed to the time-base oscillator. 
The purpose of the synchronizing signal amplitude 
control is the same as previously stated, namely, to give 
enough sync voltage to properly control the time-base 
oscillator frequency. 

Still another source of the synchronizing voltage for 
the sawtooth time base is the 60-cps power supply in- 
side the oscilloscope. Injecting this voltage into the 
time-base multivibrator will lock that system to any 
desired frequency which is an integral multiple of the 
control voltage, in this case 60 eps. In order for thi 
to happen, the frequency setting of the sawtooth oscil- 
lator must approximate the multiple frequency. The 
selection of any of the three sources of the synchroniz~ 
ing voltage is made by means of a switch on the panel, 

It is important not to confuse such 60-eps synchro- 
nization with the 60-cps time base. Synchronization is 
the frequency control of a sawtooth voltage; the time 
base remains a voltage of sawtooth shape, and may be 
60 eps, 120 eps, 240 eps, or any other frequency which 
is an integral multiple of 60 cps. At all times the hori- 
zontal-defiection field is that developed by a sawtooth 
voltage. On the other hand, the 60-cps time-base volt- 
age is fixed in frequency at 60 eps and is sinusoidal in 
shape. Moreover such a time-base voltage requires no 
synchronization, since itis definitely fixed in frequency, 

The entire subject of synchronization is extremely 
interesting, but we will cover only the high points; a 
more complete discussion of the behavior of the time- 
base oscillator while being synchronized is given in 
Chapter 11. 


The Intensity-Modulation System 

Functionally, the intensity-modulation system, 
sometimes known as the Z-axis system, is a circuit 
through which a signal may be fed either to the control 
grid or to the cathode of the cathode-ray tube for the 
purpose of altering the intensity of the trace on the 
screen. This is done by varying the electron density of 
the beam ; momentarily increasing the electron density 
increases the brilliance of the trace, while diminishing 
the density makes the trace momentarily disappear 
from the screen. 

Sometimes this is accomplished by feeding the inten- 
sity-modulation signal to the cathode-ray tube through 
a very simple circuit, and sometimes (less frequently 








THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 283 


through a separate amplifier which is called the Z-axis 
amplifier. 

Intensity modulation may serve many purposes. One 
of these is time calibration of the trace, by which is 
meant a change in intensity of the trace at definite time 
intervals so that the separation between the altered 
points on the trace can be assigned time values. This 
makes it possible to determine the time duration of a 
wave, or the time lapse between points on the wave. 
This is a very important function in cathode-ray oscil- 
lography, although it is not a frequency application of. 
the basic oscilloscope. 

A much more commonplace function of the modula- 
tion process is the blânking of the sweep retrace. This 
is the pattern which develops on the screen during the 
time that the sweep voltage returns the electron beam 
to its starting point prior to making the next excursion 
across the screen. This will be explained and illus- 
trated in detail later; for the present, let it suffice that 
the blankingf action attained through intensity modu- 
lation makes the study of waveforms much easier. 

Any type of voltage, provided it has the correct 
polarity, can be used for intensity modulation. By this 
‘we mean that to increase the intensity of the trace a 
negative voltage is required for the cathode of the 
cathode-ray tube, and a positive voltage is required at 
the control grid. For beam extinction, the reverse 
polarity is required at the designated points. 
shape of the modulation voltage can be almost anything 
from a sine wave to a sharp negative or positive pulse 
or a square wave, The kind of action desired on the 
cathode-ray-tube screen determines the shape of the 
voltage. The shorter the desired intervals of beam 
blanking or intensification, the steeper must be the 
voltage waveshape which affects the control grid or 
the cathode. 

‘The blanking frequency is not without its limits. The 
R-C networks in the simple system or in the amplifier 
impose limits on the frequency. In fact, some Z-axis 
amplifiers bear bandwidth ratings which determine the 
range of frequencies that may be used for intensity 
modulation, 

Another item of interest is the voltage requirements. 
In the simpler arrangement, amplifying means are ab- 
sentin the oscilloscope. Therefore, the voltage required 
at the intensity-modulation input terminal is equal to 
that needed at the grid-cathode circuit of the cathode- 
ray tube. Determined by the operating conditions in 
the cathode-ray tube, the intensity-modulation voltage 
under such conditions may vary from 30 to perhaps 60 
or 70 volts or moré. In the absence of specific informa- 
tion, experimental determination is the only means of 








arriving at the correct level. In view of this relatively 
high level, and since the exact amount needed may not 
be conveniently available, an amplitude control at the 
source of the signal is advisable. 

On the other hand, when an amplifier (Z-axis) is 
contained within the oscilloscope, as little as 1 volt at 
the input terminal is sufficient to intensify or blank. 


The Power Supply 

The function of the power supply in the eathode-ray 
‘oscilloscope is self-explanatory; it furnishes all of the 
operating voltages required by the tubes in the device, 
In the vast majority of instances, the power supply is 
integral to the oscilloscope, but there are exceptions to 
this rule, Several devices, such as the projection oscil- 
loscope which requires high voltages, utilize a separate 
and individually housed power supply. Whereas the 
usual design of power supplies is such that their output 
voltages are fixed in value, the separately housed de- 
vices give variable values of post acceleration voltage, 
thus affording a simple means for varying the brilliance 
of the trace, to suit different conditions of use. 

A variation in the design of these systems is found in 
the power transformer ; the devices intended for do- 
mestic use in the United States are designed for opera- 
tion at 115-125 volts on 50-60 cps power systems. Oc- 
casionally the unit is designed for use on power serv- 
ices with frequencies as low as 40 eps, which makes it 
suitable for use in foreign countries which operate 
power systems at this frequency. However, the suit- 
ability of the unit is still determined by the voltage 
rating of these services, for in many instances, the 
power systems in foreign nations operate at from 150 
1o 230 volts, The conventionally designed 115-125-volt 
transformer is unsuited for such application. The units 
intended for export have a switch located in the pri- 
mary system. This device accommodates the trans- 
former to the different voltage systems by changing the 
turns ratio in the transformer. So, it is easy to see that 
‘even the power supply has performance specifications. 





Panel Organization of the Controls 

The next phase of familiarization with the basic os- 
cilloscope involves the various controls. Although the 
manufacturers of cathode-ray oscilloscopes have taken 
much license in the assignment of names to the various 
controls which appear on the panel, they have made it. 
relatively easy for the uninitiated to use the instru- 
ment. It has become an unwritten law to place the con- 
trols for the vertical amplifier within a certain zone on 
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the panel suríace; the same goes for the horizontal 
amplifier, for the time-base oscillator, and even for the 
different controls of the electron beam. 

Of course, exceptions will be found, but they are not. 
cause for concern, because even under the most adverse 
circumstances, some semblance of organization based 
upon the old practice (which we hope will be contin- 
ued) will remain. Where such deviation from standard 
prevails, it involves the fewer, rather than the greater, 
number of controls. 

The very early organization of controls on the front 
Panels of oscilloscopes resembled that shown in Fig. 
10-9, The face of the panel was divided into two zones 
by a horizontal line, The upper one contained the face 
of the cathode-ray tube and the four beam controls : the 
intensity, focus, and vertical and horizontal centering. 
The lower two-thirds of the panel was divided into 
three zones by vertical lines, The left-hand panel con- 
tained the controls which were associated with the ver- 
tical amplifier, and which we have labeled the "vertical- 
amplifier control zone." Some devices had more con- 
trols than others, but those which were related to the 
vertical amplifier invariably were located in this area. 

The right-hand panel was the zone where the hori- 
zontal-amplifier controls were located. Sometimes they 
меге as numerous as the vertical-amplifier controls and. 
sometimes they were not. If some other switch was 
located in that zone, it had some association with the 
horizontal amplifer. To all intents and purposes, the 
identity of the zone was retained. 

‘The middle panel was the zone where, in general, the 
time-base system and synchronizing controls were to 
bbe found. These included the means for selecting either 
the sawtooth time-base voltage or the sine-wave time- 
base voltage and for the selection of the correct fre- 
quency of the former. 

Definite lines did not indicate the boundaries of the 
control zones, but the impression of such zonal dis- 
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tribution of the controls was almost immediate from 
the first glance at the panel. That this scheme had nu- 
merous advantages was easy to see. It made familiari- 
zation with the location of the controls easier because 
the association with the internal circuits was definite. 
The association between the location of the controls 
and any desired change in the trace was immediate. 
The grouping of the controls of related character made 
the location of the desired control easier. It even made 
the labeling of the controls easier, permitting the use 
of abridged terms or even single letters to indicate the 
purpose of the control. This was especially true of the 
vertical- and horizontal-amplifier controls, for it al- 
lowed the use of such single words as “input” and 
"gain" without any ambiguity, since the location of the 
related control or terminal in a certain zone immedi- 
ately declared its purpose in relation to the over-all sys- 
tem of which it was a part. 

The general idea has lived on, and the modern de- 
vice, especially the basic type, quite frequently follows 
the same plan. As would be expected, there are excep- 
tions. Sometimes these exceptions are motivated by the 
desire to beautify the panel, especially when the num- 
ber of controls is insufficient for uniform distribution, 
ог when the controls are not of like physical shape and 
a rearrangement is necessary for esthetic purposes. 
Then, too, some devices are quite large, especially the 
more elaborate oscilloscopes, and the great number of 
controls required on the panel does not lend itself to 
such organization. In these cases, the zonal distribu- 
tion of controls is maintained as best that it may be. 

‘As we said before, the basic devices retain some 
form of zonal organization of the controls. As one 
might expect, a manufacturer will try to retain his par- 
ticular form of organization on all his equipment. Some 
other manufacturer may have some other idea and he 
will put it in practice on most of the equipment which 
he makes. Fortunately, we do not have as many kinds 
of panel layout as we have manufacturers. All abide by 
the general principle, and if they desire individuality 
in the appearance of their devices, they try to attain it 
with the kind of dials, control knobs, engraving, and 
other auxiliary physical features which they employ. 
The plan shown in Fig. 10-9 is still very popular. A 
modification appears in Fig. 10-10. The difference is 
not very great, only the relocation of the beam-control 
elements so that they are zones with the vertical- and 
horizontal-amplifier controls, respectively. 

Another arrangement of control zoning is shown in 
Fig. 10-11. This is for a panel which is wider than it is 
high. Still other examples of control zoning on the 
panel are shown in Figs. 10-12 and 10-13. Fig. 10-13 is 

















a large unit and the panel carries quite a number of 
controls. The panel is divided horizontally into three 
areas and the bottom zone is divided vertically into 
three areas, each area being devoted to the systems 
identified in the illustration. Finally, another method 
of control zoning is shown in Fig. 10-14. This, too, is 
one of the very elaborate oscilloscopes. There are three 
vertical panels. The leít panel contains all of the con- 
trols which have any bearing on the vertical motion, 
including the positioning of the beam, the vertical am- 
plifer, terminals for direct connection to the vertical- 
deflection plates and also the intensity-modulation sys- 
tem controls. The right-hand panel contains all the 
corresponding controls for the horizontal motion, and 
the center zone contains all the controls relating to the 
time-base voltage and synchronization. The narrow 
central horizontal panel might be considered the loca- 
tion of the beam controls, with the vertical- and hori- 
zontal-positioning controls being appropriately located 
within the vertical- and horizontal-deflection control 
zones. 

These few examples of control layout on the panels 
of oscilloscopes are quite representative of those which 
will be found today. Sometimes the organization of 
the controls is indicated by grouping of the con 
with functional labels which cover a group of indi 
val, but related, controls. An example of this is shown 
in Fig. 10-15A. Sometimes a title indicating the func- 
tional relationship of a group of controls appears on 
the panel, and the identification of the controls under 
that heading or above itis done in the simplest manner, 
because itis felt that the association of ideas will con- 
vey the necessary information, This appears in Fig. 
10-15A, for example under the headings of X-AXIS 
and Y-AXIS, and also in Fig. 10-15B, where the term 
VERTICAL ATTENUATOR above the step atten- 
wator also indicates the purpose of the continuously 
variable potentiometer located directly above it and 
labeled by the single word FINE. The same is true of 
the group of controls related to horizontal deflection, 
where the words HORIZONTAL ATTENUATOR 
above the switch help define the function of the con- 
trol directly above it labeled FINE. In this connection, 
we might also mention the label TIME OSCIL- 
LATOR above a variable control and a switch which. 
apparently selects frequency ranges. The meaning of 
the word FINE above the uncalibrated control knob is 
obvious, but, again, only because of the association of 
ideas. 

АП о this leads us to a very important part of the 
study of the controls and their functions. It is the 
nomenclature used with the controls and the labels on 
the face of the oscilloscope. 
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(A) Courtesy Du Mont Labs (B) Courtery RCA 


Fig. 10-15 —Two typical oscilloscopes illustrating the functional grouping of controls 


Nomenclature of Controls 

The absence of standardization of nomenclature 
among cathode-ray-oscilloscope manufacturers has 
resulted in the use of a wide variety of names for iden- 
tification of the controls, switches, and other compo- 
nents. Quite frequently, identical elements are speci- 
fied by different names and dissimilar controls by like 
names, on different instruments. At first glance, this. 
situation may seem to be quite a problem for the indi- 
vidual who is first acquiring a familiarity with cathode- 
ray devices. It is not as bad as it seems. The amount 
of confusion is kept to a minimum provided that cer- 
tain fundamental facts are recognized. The first of 
these is the general plan of panel organization ; related 
controls are near each other, or are at least located in 
a group. Second is the use of similar terminology for 
the basic sections of the oscilloscope. When these two 
features are correlated, the general meaning of the 
labels becomes clear. Even the use of two entirely dif- 
ferent labels for the same control will not prevent com- 
prehension of the function of the control. 


For example, such words as VERTICAL or 
VERT, or single letters such as V, or the mathematical 
expression Y, which denotes the vertical axis when 
applied to oscilloscopes, all have the same meaning. 
The control, switch, or terminals that bear one of these 
labels are immediately associated with the motion of 
the electron beam in the vertical direction. Such mo- 
tion may be due to the signal, or it may be due to an 
operating voltage. 

As examples let us consider the following: the 
words VERTICAL or VERT, or V or Y ahead of the 
word POSITIONING or GAIN or INPUT, imme- 
diately denote the system in which the labeled control 
or switch or terminal plays its part, and also the func- 
tion of the component. Words such as HORIZON- 
TAL or HOR, or letters such as H or X, all indicate 
the same thing, the horizontal-deflection channel, and. 
the word which follows these prefixes serves as the 
statement of the function of the component. 

‘The similarity between the vertical channel and the 
horizontal channel is very great, although the exact 
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performance specifications of these channels may not 
be the same. Many components in each perform like 
functions, and consequently bear analogous labels. Y 
GAIN and H GAIN, or VERT POSITION and 
HOR POSITION, or V INPUT and H INPUT are 


examples. 


Operating Control Nomenclature 

‘An understanding of the distinction between the op- 
erating voltage controls and signal controls will be help- 
ful in making the panel of the basic oscilloscope more 
readable. This is important in the light of the profusion 
of labels which one may find on the faces of these 
devices. 

Several controls are related to the no-signal condi- 
tion of the cathode-ray tube. These controls establish 
the electron beam required for proper viewing or 
proper display. We call these the operating controls. 

The operating controls are the intensity, the focus, 
and the two beam-position controls. All the rest on the 
face of the panel are signal controls, or components 
which are related to the signal in one way or another. 
Having set the operating controls apart from the 
nal controls, we are ready to consider the different 
names that are assigned to them. 








Intensity, Focus, and Positioning Control 
Nomenclature 


It would hardly seem possible that names such as 
these, which indicate functions so directly, can be sub- 
ject to such variation, Yet this is the case, with one 
exception, the focus control. The remainder often 
appear with different names, Each refers to some form 
of control of the beam by means of operating voltages 
only. We emphasize this point in order to prevent the 
confusion of the intensity control, which determines 
the brilliance of the trace, with intensity modulation, a 
signal control. 

‘The names associated with the operating controls do 
not differ greatly in general. With the exception of the 
intensity control, there is little chance of misunder- 
standing the meaning of the labels. Although a variety 
of words are used to express a function, all are synony- 
mous, although the very exacting individual might 
contend that one term more completely describes the 
action than another. The following is alist of the names 
which may be found on oscilloscope panels as identifi- 
cations of the four operating controls. 


Сохтвог Еокстіок Мамаѕ Аѕисмио 
Beam (Trace) Intensity Intensity 
Brilliance 


‘Beam Focus Focus 
Position of Beam (Trace) along Vertical Position 
Vertical Axis Vert Position 
Vertical Centering 
Y Position. 
Y Centering 
V Centering 
V Position 
Positioning 





Position of Beam (Trace) along Horizontal Position 
Horizontal Axis Hor Position 
Hor Centering 
H Position 
H Centering 
X Position 
X Centering 
Positioning 


These names need little discussion. If any comment 
is justified, it is relative to the use of the word POSI- 
TIONING without any reference to direction. This is 
made possible by the placement of the control within 
that zone on the panel where some other reference to 
the axis is made, thus immediately correlating the 
positioning control with its axis. 

Two methods are used in basic oscilloscopes for 
beam positioning. One of these employs a single poten- 
tiometer in each of the positioning circuits, and the 
other utilizes a dual potentiometer. These systems are 
shown as (A) and (B) in Fig. 10-16, The simpler of 
the two is shown as circuit (A). By suitable connec- 
tion to the power-supply system, a fixed d-c voltage is 
arranged across two potentiometers, RI and R2. The 
moving arm of potentiometer R1 is connected to one 
of the horizontal plates, and the moving arm of poten- 
tiometer R2 is connected to one of the vertical plates. 
The remaining horizontal and vertical plates are 
grounded. Thus the moving arm of each potentiometer 
can apply a variable d-c voltage to each of the deflec- 
tion systems, making one plate of each pair positive 
or negative with respect to its associated plate. This 
moves the electron beam in the appropriate direction. 
By varying the settings of the potentiometer arms, the 
static position of the beam is controllable over a sub- 
stantial range. The signal, on the other hand, is ap- 
plied to each deflection system via the two capacitors. 
C1 and C2. Since these are a-c paths, they do not af- 
fect the static settings of the positioning fields. When 
a signal is applied, the signal voltages are superim- 
posed on the static positioning voltages and produce 
the resultant fields that develop the trace on the screen. 
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(в) 


Eig, 0:16 = Two beam-poconing systema, (A) anbal- 
anced, (В) balanced, 


Such a positioning system varies the potential of one 
plate relative to the other, and will be found used in 
those oscilloscopes which do not utilize push-pull 
amplifiers. 

The second system used in many basic oscilloscopes 
is shown in Fig. 10-16H. In (B) the potentials of both 
of the deflection plates in each pair are varied. Each 
positioning system consists of two potentiometers, 
RI-R2 and R3-R¢, respectively. Let us analyze one of 
these. Suppose we select the vertical-deflection sys- 
tem. The two potentiometers RI and R2 are cross- 
connected electrically and mounted on a single shaft 
so that the movable arms are manipulated simultane- 
ously. It is important to remember that both arms 
always move in the same direction. 

By virtue of the cross connections of the two resist- 
ance elements and the manner in which the d-c voltage 
secured from the power supply is supplied to the two 
potentiometers, the opposite ends of each resistance 
element are positive and negative, respectively. Zero 
voltage prevails at the midpoint of each arm. There- 
fore, as the arms are moved in either direction from the 
midpoint, the voltage applied to one of the deflection 
plates will be of some value and one polarity and the 
voltage applied to the other deflection plate will be of. 
equal value but of opposite polarity. Thus, when one 
deflection plate is made 20 volts positive, the other is 
‘made 20 volts negative, and both act on the beam. This 











exemplifies balanced positioning. When the two arms 
are at the midpoint of the resistance elements, zero- 
positioning voltage is applied to the two plates and the 
beam occupies the midpoint between the two plates. 
By moving the arm toward the right or toward the left, 
the beam is moved upward or downward. 

The same reasoning applies to the horizontal-posi- 
tioning system except that, in this case, the axis of 
beam motion is horizontal, whereas, in the previous 
case, it was vertical, relative to the screen surface. 

The capacitors C1-C2 and C3-C4 are the isolating 
capacitors in the signal input circuits. They prevent 
the d-e voltage on the plates of the output tubes from 
affecting the static potentials of the deflection plates. 
The signal voltage from these sources is superimposed 
on the d-c potentials from the positioning systems. 

Still another positioning system is used in some in- 
struments, but since this is found mostly in oscillo- 
scopes which contain direct-coupled amplifiers, and 
since these are not representative of the basic variety, 
‘we shall hold their descriptions in abeyance until later 
in tis chapter. 








Vertical-Amplifier Control Nomenclature 


Relative to nomenclature associated with the verti- 
cal-defection amplifier section, we must introduce 
several circuit points which we did not discuss during 
the general discussion of the section functions. In Fig. 
10-17A and B. (which is a segment of Fig. 10-1) is 
shown an elaboration of the vertical-deflection ampli- 
fier section, The controls usually associated with this 
part of the basic oscilloscope have been added. 

‘The apparent simplicity of the system shown in (A) 
án comparison with (B) stems from the difference in 
the controls which may be found in two classifications 
of basic devices. We can speak about these now since 
‘we are delving deeper into the construction of these 
units. In other words, a variety of instruments may be 
representative of the basic variety, yet they need not 
be identical in every respect. Fortunately, certain divid- 
ing lines exist between these basic units. 

This is evident from (A) and (B) of Fig. 10-17. In 
the former, the gain control is a simple potentiometer 
type of attenuator Ry and the input to the amplifier is 
via two binding posts, which, in some cases, may be 
replaced by two pin-jacks. In (B) of the same figure, 
the amplifier signal attenuator consists of two controls, 
a step attenuator Ry and the continuously variable 
potentiometer Ry. The means of getting the signal into 
the amplifier is via either of two systems, the two bind- 
ing posts or a probe connector, the selection of either of 
these two means being made by a two-position switeh. 
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10-17. — Two methods of vertical gain control; (А) 
Ie potentiometer and (B) using a step voltage 
‘combination with a potentiometer, 






We hasten to mention that the use of a dual-section 
input attenuator does not automatically mean that 
probe input as well as binding-post input will be found 
in the instrument. 

As is evident from an examination of (A) and (B) 
of Fig. 10-17, this difference in design of the input 
system of the vertical amplifier has a major effect on 
the number of controls which appear on the panel of 
the instrument, which are related to the vertical ampli- 
fier. In addition, as will be seen, this difference in de- 
sign has a major effect on the labels selected for the 
identification of the different controls. 

In order to avoid duplication of effort in the listing 
of the control names, we have elected to use the type 
of signal-attenuation system present in the input to the 
vertical amplifier as a dividing line between the two 
kinds of basic devices and the names assigned to the 
controls. An examination of the complete schematic 
wiring diagram of an instrument (such as may be 
found in Chapter 22) will disclose the exact circuits of 
the amplifier input system and indicate whether the 
deviceis in category (А) ог (В). 

Tt is possible that the general pattern of circuits can 
be determined from an examination of the panel, since 
there is a distinct difference in the number of controls 





associated with the vertical amplifier when the input 
systems to the vertical amplifiers differ. As a matter of 
fact, the presence of calibration on one of the controls 
is a clue to the organization of the gain-control system, 
whether it conforms with (A) or (B) of Fig. 10-17. 

In (A) of Fig. 10-17, three elements are related to 
the vertical amplifier, these being the input binding 
posts, the gain control, and, infrequently, the probe 
connector. The organization of (B) (Fig. 10-17), on 
the other hand, involves five items, These are the input 
binding posts, the probe connector input, the terminals- 
probe selector switch, the step attenuator R,, and the 
continuously variable control Ky. Comparing these 
two, there is very little distinction between the input. 
binding posts on each, or in the probe connector input. 
In other words, these might not afford definite identi- 
fication of circuit makeup. The terminals-probe se- 
lector switch constitutes a clue, however, since it is a 
practice to provide this facility only in units which 
make use of the dual-section gain controls. This is true, 
not because the design of the gain control determines 
what shall be the design of the signal input system, but 
rather because the class of instrument which employs 
a combination step and continuously variable attenu- 
ator usually dictates that the probe input be apart from 
the binding-post or pin-jack input, thereby permitting 
each to be used independently of the other. 

More positive identification of a system which con- 
forms with (B) rather than (A) of Fig. 10-17 is the 
markings on the dial or the panel for the step attenu- 
ator. Although the labeling of the control is not a sure. 
sign that it is a multiposition switch, momentary ma- 
nipulation of the knob will confirm the implication of 
the markings. What we mean is that, physically speak- 
ing, this is a multiposition switch ; such construction is 
instantly detectable upon manipulation, but even before. 
being handled, such calibration as 1, 10, 100, and 1,000, 
or decimal values such as 0.1, 001, and 0.001 in 
crete steps is a sign of its purpose as a decade attenua- 
tor. The two scales mean the same thing in the final 
analysis. The former type of numbering expresses the 
ratio between the input and output voltages as, for ex- 
ample, 1:1, 10:1, or 100:1, etc., whereas the other kind 
of scale expresses the output voltage in terms of frac- 
tion of the input voltage. Examples of these are unity 
transfer or 1:1, and one-one hundredths of the input. 
voltage at position 0.01, etc. 

Before concluding this discussion concerning the 
step attenuator, it would not be out of order to refer to 
another physical variety, although it is not to be found 
among the examples of basic oscilloscopes. We make 
these statements here because they fit the organization 
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of the text well. We are referring to the step attenuator 
which has push-button construction, such as the push 
buttons which are used to select stations on the conven- 
tional radio receivers. Such construction is used occa- 
sionally to replace the rotary switch, Each of the but- 
tons bears the markings which would normally be 
found at the various positions of the rotary switch. The 
fact that physically the switch is of different construc- 
tion does not alter its utility, nor does it imply any 
other meanings for the attenuation factors which are 
the labels on the buttons. 

A step attenuator of the dual type is never used with- 
out the continuously variable potentiometer ; the latter 
is necessary if continuous variation of the signal is to 
be attained. As a rule, the range of signal-level control 
available with the continuously variable potentiometer 
is 10:1, which fills in the gaps between steps of the step 
control. The two units acting in concert, therefore, 
afford continuous control of signal level from unity to 
a maximum of 1,000 or 10.000, depending on the indi- 
vidual design. An example of a panel bearing a step 
and a continuously variable attenuator control is shown 
in Fig. 10-18A. In this particular instance, calibration 
of the continuously variable control is absent ; usually 
some sort of scale markings are available for reference. 
In either case, the usual range of attenuation attained 
with the variable control is 10:1 and this is also the 
сазе when the graduations on the scale are from 1 to 
100 instead of 1 to 10, Concerning the simple arrange- 
ments in (A) of Fig. 10-17 very little need be said. It 
is simply a potentiometer-type gain control, and while 
the scale graduation (if one exists on the panel) may 
be like the calibrated device, it remains simple linear 
attenuation and is not rated at a fixed amount of atten- 
uation. A typical control and its scale is shown in Fig. 
10-18B. 





(а) (в) 
After RCA 
Fig. 10-18.— Front panel appearances of vertical gain controls. 


Relative to nomenclature, the organization of Fig. 
10-7A and B introduces possible confusion only 
in connection with the gain controls. There can be no 
mistaking the signal input points, be they binding 
posts, pin-jacks, or the probe-connector. These are 


positive and unmistakable, yet it is possible for the 
completely inexperienced to err simply because of the 
multiplicity of names which may be found assigned to 
the terminals. We shall, therefore, list these names. 


INPUT TERMINAL IDENTIFICATION 


Function NAMES ASSIGNED 
Feed Signal to V Amplifer Vertical Input 
(Terminals or Pin-jacks) 
V Input 
Y Signal Input 
Input 
Vertical 
Probe Probe 


Select Probe or Terminal Input Terminals — Probe 


The probe input label needs no comment even if it 
is just a single word. The lack of correlation with the 
vertical amplifier is attributable to first, its usual loca- 
tion in the zone where the vertical-amplifier controls 
are located, and second, the fact that only the vertical 
amplifier is equipped with probe input, The latter 
status allows it to be placed in any location on the panel, 
whatever position is most advantageous to use. 

Asto the input terminals, a slight amount of elabora- 
tion is required. Sometimes, although not too often, one 
of these terminals may be marked “High” and the 
other may be marked G or GND. These last two mark- 
ings are quite commonplace. The word “High” indi- 
cates the high side of the circuit, electrically speaking, 
and G or GND indicates that the terminal is at ground 
potential in the circuit fed through the binding post 
We might mention that when such markings are miss- 
ing from input terminals which are arranged one above 
the other, the upper terminal usually is “High” and 
the lower is ground. When the terminals are side by 
side horizontally and unmarked, the left terminal is 
"High" and the right terminal is ground. 

Concerning the use of the general term INPUT, 
again it is a matter of association of ideas. Being lo- 
cated in the zone of vertical-amplifier controls, license 
is taken to omit the direction of deflection, In the case 
of the word VERT adjacent to the input binding posi- 
tion without any functional reference, appreciation of 
the purpose of binding posts is necessary, if the in- 
strüctions contained in the manual which accompanies 
the equipment are unavailable. 

The identification of the terminals-probe switch is. 
so obvious that further comment is unnecessary. 

The names employed to identify the input signal con- 
trols are quite varied. Some are more appropriate than. 
others and it is hoped that some day standardization 
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will prevail. Assorting these names in accordance with 
the two input control systems we discussed previously, 
they areas follows: 


SINGLE-ELEMENT CONTROL 

OF SIGNAL INPUT LEVEL 
Nantes Assionep 
Attenuator 
Vertical Gain 
Vertical Amplifier 
V Amplifier 


[o 
Potentiometer Ry 
(Fig. 10-17) 


‘Once more the ability to use a single word such as 
GAIN without any additional reference to the system 
which it serves stems from its location in the vertical- 
amplifier zone on the panel. 


DUAL-ELEMENT CONTROL 
OF SIGNAL INPUT LEVEL 


NAMES ASSIGNED. 
Attenuator 
Vertical Gain 
Vertical Range 
Amp Ratio 
Attenuation 
Signal Atten 

V Sensitivity 


Сонтког. 
Step Voltage Divider Ry 
(Fig. 1017B) 


V Vernier 
Y Amplitude 
Vert Gain Vernier 
Y Gain 

V Gain 

V Calibration 
Gain 


Potentiometer Re 
(Fig. 10-17B) 


In the light of the varied names which appear in the 
above listing, it would be advantageous if the manu- 
facturers of cathode-ray oscilloscopes chose two names 
from this listing and made them standard for these 
controls. Reference to gain as a name for these con- 
trols is not strictly correct, whereas reference to am- 
plitude is, so why not assign a name such as “Ampli- 
tude Ratio” to the step control and simply “Amplitude” 
or “Amplitude Vernier” to the continuously variable 
clement. Each of these names could be preceded by the 
letter V or Y to show its channel of operation. 


The zonal distribution of controls has also resulted 
in the occasional omission of any form of identification 
for one or the other of these elements. As obvious as it 
may be to the designer and as familiar as each control 
may eventually become to the constant user, the ab- 
sence of identifying labels imposes an unnecessary 
hardship, especially during the early days of familia: 
zation. 

Horizontal-Amplifier Control Nomenclature 

When examining panel elements representative of 
the horizontal-deflection amplifier, we note a distinct 
parallel to the vertical-deflection amplifier, Since both 
are amplifiers with fairly similar duties, such a state is 
not surprising. By and large, the horizontal-amplifier 
controls found on the front pane! of any oscilloscope 
consist of the input terminals, one or two controls used. 
for setting the level of the input signal, and a multi- 
position switch which determines the availability of 
the horizontal amplifier for signals which issue from 
devices external to the oscilloscope and for the selec- 
tion of different signals from within the instrument. 
This switch is common to all oscilloscopes, regardless 
of the signal-level control arrangements, indicated in 
Fig. 10-19A and B. 

The names assigned to these controls in our sym- 
bolic illustrations are arbitrary, especially the switch 














we call the "Signal Input Selector." It so happens that 
the input terminal designations conform with some 
practices, only because such a label is obvious. Rela- 





tifications bear names which are similar to those given 
their vertical-amplifier counterparts, differing only in 
the first word which associates the elements with the 
horizontal rather than the vertical amplifier. 

The control which deserves the most attention is the 
signal input selector. As indicated in Fig. 10-19, it 
affords a means for connecting the horizontal amplifier 
to the sawtooth time-base oscillator, the 60-cps sine- 
wave time-base voltage source, or some external signal 
source. These respective switch portions are usually 
labeled as shown, namely INT, 60~, and EXT. Con- 
sidering its duties, it is not unreasonable that it bear 
some label which involves the horizontal amplifier and. 
also the sweep systems, as for example HOR/SWEEP 
SELECTOR, which happens to be a name that is em- 
ployed by several manufacturers. 

Sad to relate, however, the situation is not as simple 
as the above might indicate, The number of contacts on 
this multiportion selector switch is not always limited 
to the three we have illustrated. Quite frequently other 
functions are made part of the duties of the switch. For 
‘example, the step attenuator R, may be a part of the 
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ig. 10-19.—A typical signal input selector switch with dif- 
ferent attenuation systems in (A) and (B). 


switch. By restricting the attenuation factor to a maxi- 
mum of 10, and by designing the time-base systems in 
such a fashion that the continuously variable poten- 
tiometer Ry alone can adequately control the signal 
levels from the two time-base voltage sources, the step 
attenuator occupies two portions of the switch and it 
is in the circuit only when the horizontal amplifier 
receives its signals from some source external to the 
oscilloscope. Arrangements of this type can well de- 
mand a label which differs from the first sample we 
stated, since the functions of the switch have been ex- 
panded, It might well bear a name which associates it 
with attenuator action, as for example, H SEL-GAIN. 
or even such an‘adequately simple title as HORIZON- 
TAL INPUT CONTROL. 

While on the subject of attenuators, we might men- 
tion that step attenuators used in the horizontal-ampli 
fier channel do not as a rule duplicate the vertical 
channel, that is, in the number of steps, or the range 
of signal attenuation, but sometimes they are identical, 
including the push-button variety. In most instances, 
the degree of attenuation in the horizontal channel is 
limited to two steps, unity transfer, or 1:1, and 10-time 


reduction. This gives rise to the use of a toggle switch 
as the step attenuator in place of a rotary switch, The 
appearance of several horizontal-amplifier input con- 
trol switches with and without attenuator positions are 
shown in Fig. 10-20. Relative to these illustrations, it 
might be well to comment that the word external 
(EXT) sometimes is labeled AMP OUT and that the 
word (INT) is sometimes shown as SWEEP, 

It is interesting to note that not only does the nomen- 
clature assigned to this horizontal-amplifier input sig- 
nal switch differ, but the specific design relative to the 
circuits under control also differs, so much so that it is 
virtually impossible to make broad statements con- 
cerning its general appearance on equipment. There 
are almost as many examples of its absence as there are 
examples of its use. Relative to the former arrange- 
ment, it does not mean that control of these different 
circuits is lacking (they are available because they are 
necessary), but it does mean that, in some instances, 
the selection of the circuits is divided among a number 
‘of other switches which are part of other sections. 
‘These will appear when we deal with the time-base 
oscillator and with the synchronizing sections of the 
basic oscilloscope. 

Any attempt to label these switches is beset by these 
limitations. For this reason, the names which are con- 
tained in the list of control identifications are those 
most commonly found on oscilloscope panels. Those 
which would demand a listing in terms of other com- 
plete sections have been omitted, because they are re- 
ferred to later when the remaining controls on the 
panel are analyzed. Concerning the labeling of the 
panel controls, the order of presentation will be predi- 
cated on the fact that when step attenuators are used, 
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they invariably are part of the horizontal-amplifier in- 
put selector switch. Therefore, the continuously vari- 
able (potentiometer) gain-control list will encompass 
the names used for this control for both single- and 
ual-section arrangements, 

The input terminals, too, are treated collectively, 
since their names do not change much with equipment 
design. 


H INPUT TERMINAL IDENTIFICATION 


Function Nawe Assiowep 
Feed Signal to H Ampli- Horizontal Input 
fier H Input 
(Terminals or pin- X Signal Input 
jacks) X Input 
I Input 
Horizontal 


Relative to additional markings such as HIGH and 
GND which may appear adjacent to the individual 
terminals, the comment concerning the vertical ampli- 
fier applies, As to the functional labels without refer- 
ence to the axis, such as INPUT, the zonal organiza- 
tions of the panel develop the necessary associations 
with the related axis. 





H AMPLIFIER INPUT SWITCH 
IDENTIFICATIONS 
Fuxcrion Name Assionep 
Control Signal Input to Hor Gain/Sel 
H Amplifier Hor Sel/Gain 
Horizontal 
Syne 
H Sync/Sel. 
H Sync/Sweep Sel 


Several names apply to almost identical controls, 
whereas some of the others are appreciably different. 
Now there are the oscilloscopes which do not use any 
labels for this switch. These simply locate it among the 
horizontal-amplifier controls in a certain area on the 
panel and let it go at that. This is not as bad as it 
seems because, in the final analysis, the manufacturer's 
instruction manual for a specific instrument explains 
the functions of each control. 


Horisontal-Amplifier Selector Switch 
Position Nomenclature 


A few words about the nomenclature assigned to the 
position on this switch may be of interest, especially 


when different labels are used for the same thing. We 
have commented on the interchange of whole numbers 
and decimal numbers as indications of attenuation 
levels. The use of either is equally effective. 

At least five different labels are used to indicate the 
position which selects the sawtooth oscillator con- 
tained within the oscilloscope. These are : 

. INT 

. Sweep 

. Sawtooth 

. S. S. Oscillator 
. Amp In. 

The sine-wave time-base voltage position usually is 

labeled in one of three ways: 

1. Line 

2. Line Frequency 

3. 60~ 
and finally, the position which makes the horizontal 
amplifier available for signals originating external to 
the oscilloscope may be found labeled as either 

1 EXT 

2. Amp Out. 

Examples of almost all of these markings will be 
found in Fig. 10-20. 


"rS 


Time-Base Control Nomenclature 


The description of the time-base controls used in the 
basic oscilloscope is relatively simple. This does not 
mean that standardization has crept in unnoticed, but 
rather that the use of two controls for the repetitive 
sawtooth sweep has become standard practice because 
of the circuit design. Under the circumstances, there is 
little likelihood of mistaken identity, although, as you 
will soon see, the number of different names which are 
assigned to these controls are not too few. 

While the time-base system in the basic oscilloscope 
may be tied into a number of sections so that other 
section controls also determine the active presence of 
either the sawtooth oscillator or the sine-wave time- 
base voltage source, only the former has its own vari- 
able controls. One of these is a multiposition rotary 
switch and the other is a continuously variable element 
of the variable resistance kind. These two controls en- 
able the selection of the exact sawtooth voltage fre- 
quency necessary for the presentation of the desired 
number of cycles of the signal under investigation on 
the screen of the cathode-ray tube. 

When symbolized schematically as in Fig. 10-21, 
which is an abridged version of the conventional saw- 
tooth oscillator, the switch selects the value of capaci- 
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Fig. 10-21—Schematic of atypical sawtooth oscillator show- 
ing coarse and fine frequency controls. 


tance which will be charged and discharged during the 
operational cycle. This is the "coarse" control of fre- 
quency. The variable resistor R in the same illustration 
determines the rate at which the capacitor selected by 
the switch will be charged. The faster the rate of 
charge (assuming a fixed voltage level at which the 
capacitor will discharge) the higher is the frequency 
generated by the oscillator. This variable resistor is the 
"fine" frequency control. 








w 


(A) After Dv Mont Labs, (B) After Television Equipment Corp. 
Fig, 10-22—Front panel appearances of sawtooth oscillator. 
frequency controls. 


The appearance oí these two controls on the panel 
of two typical oscilloscopes is shown in Fig. 10-22A 
and B. The difference between the two is found in the 
frequency calibrations of the switch which determines 





the approximate settings. In (A), each position of the 
switch bears a frequency label and the range of fre- 
quencies which may be secured by rotation of the con- 
tinuously variable frequency control is that between 
the value indicated for the position at which the switch 
is set and the adjacent one on the lower-frequency side. 
Thus if the switch is set at 900 eps and the next lower 
position is marked 220 eps, the frequencies available 
by manipulation of the continuously variable frequency 
control will be approximately 220 to 900 cps. 

This is shown more clearly in Fig. 10-22B, where 
the calibrations of the frequency-range switch are in 
terms of the frequency range available at the individual 
switch positions. This time, too, the variation in fre- 
quency is accomplished by manipulation of the con- 
tinuously variable control. Thus if the switch is set at 
the position marked 100-1,000, it means that manipu- 
lation of the continuously variable control will adjust 
the time-base oscillator so as to produce any desired 
frequency between 100 and 1,000 cps. The same геа- 
soning applies to all of the other switch positions and 
the frequency-range markings which they bear. 

In view of the presence of other kinds of time-base 
voltage sources in oscilloscopes, even though we are 
concerned only with the repetitive sawtooth variety at 
the moment, it would do no harm to comment that the 
controls we have described will be found to apply 
equally well to those oscilloscopes which contain the 
means for triggering the time-base oscillator system 
into operation. This is not commonplace in the devices 
which we consider to be basic in character, but it is an 
appropriate place in the text to mention it, although 
the subject receives separate treatment later in this 
chapter. 

Concerning names assigned to these systems, it is 
interesting to note that the main heading of the system 
‘as a whole is subject to variations. We have used two 
names in referring to the source of the time displace- 
ment signal: the time-base oscillator and the sweep 
oscillator. We might add two other names which have 
enjoyed use, namely “time oscillator” and the single 
word “timing.” The meanings are the same as of the 
other two titles. Actually the first three of these four 
names are in use today. Reference to the system as 
“timing” was employed on oscilloscopes made prior 
to 1940 and we recognize it today only because those 
prewar devices may still be in use. 

As to the controls, the following is the list of names 
which will be encountered on oscilloscope panels. Only 
those which bear some relation to the repetitive saw- 
tooth voltage sources are given. 
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TIME-BASE OSCILLATOR CONTROL 
IDENTIFICATIONS 

NAMES ASSIGNED 

Steps. 

Coarse Frequency 

Frequency Range 

Sweep Range 

Range Switch 

‘Sweep Frequency 

Range 


Function 
Selects Frequency Range 
(Switch in Fig. 10-21) 


Accurate Adjustment of. 
Frequency 
(R in Fig. 10-21) 


Sweep Vernier 


Although a variety of names are used, it is clear that 
with a few exceptions, some of which are found in the 
older units only, the choice of titles has been such as to 
pin-point the purpose of the control. The examples 
which are the exceptions are such names as "steps" 
for the rough approximation of the frequency and 
"frequency" for the accurate adjustment control. These. 
could have been selected with greater care. 


‘Synchronizing System Control Nomenclature 

‘As we stated earlier, the synchronizing system is 
very closely related to the time-base oscillator, for i 
the means of keeping the time-base voltage variations 
in step with the amplitude variations of the signal being 
examined, in that way keeping the signal pattern sta- 
tionary.on the screen. In fact, we can go so far as to say 
that the synchronizing system is an adjunct of the 
time-base oscillator circuit, even though the two sys- 
tems may be physically located at different points in 
the device. 

When symbolized schematically, the simple synchro- 
nizing system appears as in Fig. 10-23. This circuit is 





To SOURCE OF. 
SYNC VOLTAGE 


Fig. 10-23— Schematic of a simple sync control system. 


essentially that of the elementary time-base oscillator 
to which has been added the capacitor C and the poten- 
tiometer R. This series R-C combination is the path of 
the synchronizing voltage (whatever may be its origin) 
into the sawtooth sweep oscillator. The magnitude of 
the "locking" voltage is determined by the position of. 
the sliding arm of the potentiometer, во that the control 
is of the continuously variable type. The calibrations 
on such a device are arbitrary and the scale usually is. 
graduated in divisions which are numbered from 1 to 
100. The appearance of such a scale is shown in Fig. 
10-24. 





[m (8) 


(A) After De Mont Labs, (B) After Television Equipment Cors 
Fig, 10-24—Front panel appearances of synchronizing controls. 


Another variety of synchronizing system is some- 
what more elaborate, although it will be found in basic. 
oscilloscopes. It is of interest to us because of the dif- 
ference in the calibrations used by the control, which 
we shall show in a moment. When symbolized sche- 
matically, the circuit appears like that shown in Fig. 
10-25, where an amplifier stage, or rather a phase- 
splitter stage, exists between the source of the synchro- 
nizing voltage and the time-base oscillator. It is pos- 
sible that additional stages may be found between the 
phase-splitter input and the time-base oscillator, but 
this is unimportant at the moment. The purpose of the 
phase-splitter stage is to make available at its output a 
signal voltage which is either positive or negative rela- 
tive to ground, thus determining the instant (relative 
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to phase) when the sweep voltage will be locked with 
the signal voltage. This is fully explained in Chapter 
11, hence we need discuss only with those points which 
involve our subject, the control. 

‘This voltage appears across the center-tap-grounded 
potentiometer Е and gives rise to the plus-zero-minus 
form of calibration of the control. The numbers on the 
scale of the control advance upward from each side of 
the 0 at the center, each side representing a polarity 
zone. As the control is advanced, the signal voltage out- 
put advances substantially linearly. The appearance of 
such a scale is shown in (B) of Fig. 10-24. The split 
potentiometer also is a continuously variable control, 
but as far as the synchronizing signal is concerned, the 
range of voltage variation for any one polarity of signal 
exists along only one-half of the full are of rotation of 
the control knob. 





Tig, 10-26.—Typlcal syne selector switch lacadiag sync 
cont 





Now that we know the two kinds of synchronizing 
‘systems and that each is represented by a single 
able control on the panel, we can examine the organiza- 
tion of the synchronizing voltage system, that is, its 
input arrangement. Fig. 10-26 is a slight elaboration 
ОЁ Fig. 10-1 in that the origin of the various synchro- 
nizing signals is shown, as well as the presence of the 
potentiometer type of control. Concerning the controls 
‘usually found on the panel and labeled relative to the 
synchronizing voltage, there are usually two, the multi- 
Position switch which selects the origin of the synchro- 
nizing voltage and the potentiometer which we have 
described. 

Relative to the selector switch, its action is fairly 
obvious, as are the sources of the synchronizing volt- 
age. The latter may issue from the vertical amplifier, 
when it is desired to synchronize the sweep with the 
signal ; it may issue from whatever portion of the oscil- 








loscope affords the 60-cps supply (usually a filament 
transformer in the power-supply section) when it is 
desired to synchronize the sweep with the 60-cps ог 
line supply ; or it may issue from any external source 
lected by the user. It is, therefore, evident that the 
operation of the selector switch is independent of the 
variable control ; the former precedes the latter, for it 
is necessary to first determine the origin of the synchro- 
nizing voltage before adjusting its value for proper 
operation of the sweep system. 

Another point of interest relative to the synchroniz- 
ing selector switch is that it must be manipulated in 
conjunction with the switch that determines the signal 
input into the horizontal amplifier. If the latter is set 
so that it feeds the sweep voltage to the horizontal- 
deflection plates for the examination of a signal which 
is supplied to the vertical-deflection plates via the ver- 
tical amplifier, the synchronizing voltage should be 
secured from the vertical amplifier, that is, internally. 
‘Therefore the switch which determines the input to the 
synchronizing system must be set to INT. The remain- 
ing positions of this switch are similarly determined 
by the setting of the horizontal-amplifier input selector. 
We might also comment that, in a few instances, the 
synchronizing voltage selector switch is a part of the 
horizontal-amplifier input selector switch, Finally, in 
place of a rotary switch, the selection of the synchro- 
nizing signal source may be made by means of a three- 
position toggle switch. 

The names assigned to these controls vary quite a 
good deal. Below is the listing of the names most com- 
‘monly found on commercial oscilloscopes. 





SYNCHRONIZING SYSTEM CONTROL 
IDENTIFICATIONS 


Еонстон NAMES AssioNED 
Select Synchronizing Synchronizing 
Signal Source ‘Sync Selector 
Sync Signal Selector 
H Sync/Sweep Selector 
Horizontal 
Varies Synchronizing Sweep Sync 
Signal Amplitude Syne 
Sync Adjust 
Sync Signal Amplitude 
Sync Lock. 
Sync Signal 
Locking 
Sync Amplitude 


THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 297 


Intensity-Modulation System 
Control Nomenclature 

From the viewpoint of controls, the intensity-modu- 
lation system, even when it is identified as a Z-axis 
amplifier, is relatively simple. Having explained the 
basis of the action earlier in this chapter, it need not be 
repeated here, although we can profitably illustrate the 
circuit in elementary form. Two systems need be con- 
sidered, although one of these is really so simple that 
it hardly justifies being identified as a system. 





Fig. 10-27.— Simple intensity-modulation circuit. 


The simpler of the two versions is shown in Fig. 
10-27. It is an R-C network as shown, and serves as the 
means of injecting a signal into the control-grid cir- 
cuit of the cathode-ray tube. The means of feeding the 
signal into the oscilloscope is via one or two terminals, 
usually only one. This terminal is labeled BEAM 
MOD or INTENSITY MOD, there being little choice 
between the two. This terminal is connected to what 
would be the "high" side of the modulation voltage 
supply circuit ; the other leg of the circuit is joined to 
any of the ground terminals on the face of the panel. 
Sometimes the intensity-modulation binding post is 
located on the front of the oscilloscope and sometimes 
it is accessible at the rear, the former being the more 
‘common arrangement. 

‘The second arrangement used for intensity modula- 
tion involves a simple amplifier between the input ter- 
minal and the circuit of the cathode-ray tube. This is 
the Z-axis amplifier. This leads to a change in the label- 
ing at the input terminal. Instead of the markings pre- 
viously mentioned, the identification may be Z AXIS 
AMPLIFIER. Like the simpler system, the input ter- 
minal usually is located on the panel, but occasionally 











it is mounted on a block accessible through the rear of 
the instrument housing. 

The action of the intensity-modulation system is in- 
dependent of the remaining portions of the oscillo- 
scope. Therefore, control of the circuit is not vested in 
any switches which are tied into the other systems. 
Sometimes, however, a control marked BLANKING 
may be found on the panel. This is in the form of a 
simple switch which either completes the circuit or 
opens the circuit between the sawtooth oscillator and 
the grid-cathode circuit of the cathode-ray tube. When. 
the circuit is closed, the negative swing voltage in the 
time-base oscillator (discharge period) is used as a 
negative pulse to extinguish the electron beam during 
the retrace time. When the switch is open, the retrace 
appears on the screen, 


Power-Supply Control Nomenclature 


Panel controls for the power-supply section of the 
oscilloscope are usually conspicuous by their absence. 
Some means for applying the operating voltages must 
exist and it does; it is an on-off switch which some- 
times is individual and is located on the panel in the 
form of a toggle switch. In many cases, however, it is 
not visible as an individual switch because the function 
is made part of one of the other controls. In most in- 
stances „it is a part of the control marked INTEN- 
SITY. The switch is mounted on the control and is 
activated when the control arm is advanced either to 
the extreme left position, which sets the switch to 
OFF, or if the control is advanced from its extreme 
left-hand position, when the switch is turned on. This 
is indicated by either an audible click, or a change in 
the tension of the control arm. 

The labeling of the switch position is “OFF” when 
it is a part of another control. When it is individual, it 
bears the words ON-OFF. Sometimes, the power 
switch is labeled POWER and ON-OFF, the selec- 
tion of the labeling being, as we have frequently stated, 
a matter of the individual designer's preference. 

Control of the power-supply system is often vested 
in an automatic arrangement which is not visible on 
the panel. It is a safety measure and consists of a pres- 
sure-actuated switch which is located inside the cabi- 
net, being mounted in such position on the chassis that. 
the power is turned on only when the outside housing, 
or the cabinet, is properly in place. This is a safeguard 
against possible shock in the event that the cabinet may 
have been removed and an attempt made to handle the 
‘components. 
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FUNCTIONAL ORGANIZATION OF THE 
BASIC OSCILLOSCOPE 

Let us now examine the possible arrangements of 
the different sections shown in Fig. 10-1 and see what 
systems can be derived to perform varied functions. 
The device contains all of the essential sections neces- 
sary for very many general applications. It is a general- 
purpose oscilloscope possessing performance capabili 
ties which are established mainly by the performance 
specifications of three major sections, the vertical am- 
plifier, the horizontal amplifier, and the time-base 
oscillator. The remaining facilities stem from the 
switching means, as do those capabilities which involve 
the sections we have mentioned. No matter what is the 
intended application, it requires the manipulation of 
the switches and control in order to organize func- 
tionally the device to suit the need. These are the details 
we shall discuss in this section. 

In order to show the manipulation of switches and 
controls, especially the former, we must imagine a cer- 
tain specific oscilloscope. Obviously it is impossible to 
deal with each specific device, for, as we have shown 
earlier, the labeling may differ, and this would make 
identification almost if not entirely impossible. The 
same is true of the variables of design as encountered 
in the many devices, and the differences in the circuits 
controlled by any one switch. In other words, it leads 
us to only one means of presenting the possible func- 
tional organizations, namely, the arbitrary selection of 
a device which can be used as the sample. This is the 
device we have depicted in block form in Fig. 10-1 and 
which we repeat here as Fig. 10-28 simply as a matter 
of convenience. 

Its true that this figure does not afford every vari- 
ety of system structure but it is a fairly good compro- 
mise, It contains enough to enable us to show very 
many possible combinations of systems, certainly 
enough to create familiarity with the basic elements of 
the cathode-ray oscilloscope. Subsequent discussions 
in this chapter will cover the modifications of the basic 
instrument which remove it from one category and 
place it within anther. 

Earlier in this chapter we placed the dot of light on 
the screen of the cathode-ray tube. All future illustra~ 
tions of the screen with the beam deflected or unde- 
flected will be predicated on the assumption that the 
operating controls have been set so that the electron 
beam is properly focused, the spot on the screen has 
adequate brilliance, and its undeflected location is at 
the center of the screen. 











Direct Connection to Deflection Plates 
‘The simplest organization of the sections in the basic 
oscilloscope is the cathode-ray tube. This is shown in 
Fig. 10-29 and B. When so employed, it is an indi- 
cator, although the phenomena which it may display 
are numerous. As to possible reasons for using the tube 
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Fig. 10-29.— Inputs to the deflection plates, (A) balanced, 
(B) unbalanced. 


alone, the following are some of them. Perhaps the 
cathode-ray tube in one device is used as a replacement 
for a defective tube in another, for, as can be seen, no 
restrictions are indicated relative to the source of the 
signals which are applied to the vertical- and horizon- 
tal-deflection plates. These signals may originate in the 
lers of another oscillo- 
scope, or in a device completely foreign to an oscillo- 
scope, as, for example, a transmitter, 

Another reason for using the cathode-ray tube in 
this manner is that the frequency of the signals to be 
displayed exceeds the response capabilities of the ver- 
tical and horizontal amplifiers. A typical example of 
this is the development of the trapezoidal pattern show- 
ing the modulated output of an amplitude-modulated 
transmitter. How this application is accomplished is 
discussed completely in Chapter 18, but several typical 
traces of this kind are shown in Fig, 10-30, Their 
meanings will not be treated here because they receive 
attention later. 

The illustration of the deflection system circuits does 
not indicate any means for controlling the levels of the 
signals applied to the vertical- and horizontal-deflec- 
tion plates; it is assumed that the signals are of proper 
level, or that the source contains the level controls. 
‘Thus if the patterns in Fig. 10-30 represent the carrier 
signal fed into the vertical-deflection plates and the cor- 
responding modulating signals fed to the horizontal- 
deflection plates, the levels of the respective signals are 
arranged so that at their origin the final trace has the 
correct dimensions on the screen. 

The deflection elements are shown connected in two 
ways. Fig. 10-29A typifies the modern version, where- 
in utmost flexibility is offered. Such an arrangement 
enables the use of either balanced or unbalanced input 
systems. This arrangement permits the application of 
the elements to either grounded or ungrounded 
systems. 

The older version of deflection circuits is shown in 
Fig. 10-298, Two plates, one from each deflection pair, 
are joined and connected to ground. Consequently, 
only one plate of each system is above ground and the 
arrangement is called unbalanced. Although relative to 
the tube display, both arrangements generally behave 
alike, the circuit of Fig. 10-29B introduces limitations. 
Since the two deflection systems are internally inter- 
connected, a ground on one circuit will automatically 
ground the other circuit. This does not matter in some 
applications, but in others it may introduce complica- 
tions because the system which feeds the voltages to 
the vertical- and/or horizontal-deflection plates may 





Fig. 10-30,—Three typical 
trapezoidal modulation pat 
terns. 





not permit grounding. Due to the ground at the com- 
mon junction, even though individual terminals are 
usually provided for each pair of plates, the deflection 
system is restricted to connection between ground and. 
some other point, rather than between any two points, 
as is permitted by the system shown in Fig. 10-29A.. 

In Fig 10-29B, the junction between the two plates 
is assumed to exist inside the tube. Inasmuch as we are 
speaking about the deflection system without recourse 
to any amplifiers, any form of circuit wiring in the 
oscilloscope proper which ends up in an electrical sys- 
tem corresponding to Fig. 10-29B, but in which the 
actual wiring of the deflection plates inside the tube is 
such that they terminate in individual connection ter- 
minals, such a tube would be symbolized by Fig. 
10-29A rather than by Fig. 10-29B. The reason for 
this is the fact that when the deflection plates are used 
apart from the remainder of the oscilloscope, contact 
with the plates is made at the individual terminals pro- 
vided for that purpose. 

The defiection-plate connection terminals are often 
located on terminal boards accessible through the sides 
or rear of the oscilloscope cabinet. Sometimes they are 
available on the front panel and still other times they 
are pin-jacks accessible through holes in the sides of the 
cabinet. When the terminals are located on a terminal 
board, the jumpers which join the deflection plates to 
the amplifier leads must be removed in order to isolate 
the deflection system from the amplifier. Occasionally 
this operation is obviated by the presence of two se- 
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Fig. 10-1, Block diagram ofthe başic oscilloscope arranged 
for vst conection to he deco pace 


lector switches on the front panel, by means of which 
isolation of the deflection plates and the amplifier is 
accomplished. 

As to the setting of the switches on our hypothetical 
basic oscilloscope, the block diagram shown in Fig. 
10-31 may be used for reference. Only the active posi- 
tion of the respective switches is shown, assuming that 
the switches indicated will be set to these positions. In 
this specific case, it is simply a matter of convenience 
to set them as shown, since the cardinal operation is the 
removal of the jumpers from the terminal boards. A 
comparison of Fig. 10-31 with the basic illustration of 
Fig. 10-28 will illustrate just what we mean. 

When signals are fed directly to the deflection plates 
without using the amplifiers, the problem of signal am- 
plitude arises. In order that the cathode-ray tube be 
usable in this fashion, certain minimum signal require- 
ments exist. First, the signal level must be sufficient to 
give a trace at least 1 inch high and 1 inch wide. This 
is the absolute minimum and is most certainly not a 
convenient size for study purposes; it is entirely too 
small. Of coursefthe dimensions of the screen have a 
great bearing on what is a suitable size; the greater the 
screen dimensions, the larger the image should be. For 
all general purposes, a trace that is 2 to 3 inches high 
and of the same width will be satisfactory. We might 
suggest that a satisfactory image size is approximately 
60 to 70 per cent of the tube-face area. 

Direct connection can be used only when the signal 
voltages applied to the tube amount to at least the 
deflection-factor rating corresponding to a 1-inch de- 























flection. Since deflection factor is based on applied d-c 
voltage, a deflection of 1 inch can be attained when the 
peak-to-peak a-c voltage equals the required d-c volt- 
age. Thus if the rating is 100 volts dc. per inch, the 
same over-all dimensioned trace will be obtained with 
ап а-с voltage 100 volts peak to peak, or an rms value 
of approximately 35,7 volts. This magnitude of voltage 
is the reasonable minimum and should not be errone- 
ously construed as the maximum. 


The Cathode-Ray Tube With Amplifiers 

A possible organization of the basic oscilloscope is 
shown in Fig. 10-32. Here, because the frequency of 
the quantity to be examined exceeds the capabilities of 
the vertical amplifier, the signal is fed directly to the 
vertical-deflection plates. It is possible that the signal to 
be examined is of such level that it cannot be attenu- 
ated properly through the vertical amplifier, or the 
conditions of operation are such that the vertical-am- 
plifier input system specifications do not allow it to be 
connected across the source of the signal. Whatever 
the cause may be, the signal is fed directly into the 
vertical-deflection system. 

On the other hand, the horizontal amplifier is used, 
although the time-base oscillator is not. Its frequency 
range may be inadequate or the device may be defec- 
tive, so that an external time-base oscillator is used. 
Some of these applications are not very likely, but since 
we are dealing with the subject from the broadest view- 
point, we must illustrate the greatest number of sec- 
tional organizations possible within the basic oscillo- 
scope. 

It is not imperative that the signal applied to the 
horizontal amplifier be a time-base voltage secured 
from an external source; it can be any other signal 
which is to cause the horizontal displacement of the 
beam. Finally, the signal being fed into the vertical- 
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Fig, 10-33.— Block diagram of the basic oscilloscope corre- 
sponding to Fig. 10-32. 


deflection plates may issue from the vertical amplifier 
in some other oscilloscope. In other words, a combina- 
tion of two devices are being utilized for a special 
purpose. 

Among the capabilities of the horizontal amplifier 
is the control of the level of the signal being fed into 
the cathode-ray tube via that channel. This is not indi- 
cated because the gain control is inherent to the am- 
plifier, and it is understood that after the switches have 
been properly set, as shown in Fig. 10-33, the gain 
control will be used as required. An example of a pat- 
tern developed under such conditions, as, for example, 
the wave envelope of a high-frequency modulated 
wave, is shown in Fig. 10-34. It is assumed that the 
level of the modulated carrier is sufficient to permit 
direct application to the vertical-deffection plates ; the 
time-base voltage is secured from an external source 
and itis assumed that it has been set to the correct fre- 





eit: 10:44 —Wave envelope of a high-frequency modlated 


quency relative to the frequency of the modulating 
voltage. This relationship, rather than the carrier fre- 
quency versus the sweep frequency, determines the 
number of cycles of the modulated wave which appear 
‘on the screen. The use of the system shown is unlikely, 
but since we are speaking about possibilities in system 
organization, it is shown. 





Vertical Deflection Only 


Still another arrangement of the basic oscilloscope 
is shown in Fig. 10-35, and the corresponding switch 
positions are shown in Fig. 10-36. Here only the ver- 
tical amplifier and the vertical-deflection plates see 
service, and consequently the deflection will be in one 
direction only, vertical, Since the vertical amplifier is 





tical 
and deflection plates only. 

















in the circuit, it determines both the upper- and the 
lower-frequency limits of the signal voltage applied to 
the input. When a signal is applied to the input of the 
vertical amplifier, the trace on the screen takes the form 
of a single straight line running vertically across the 
screen, Its length is determined by the amount of sig- 
nal voltage applied to the deflection plates, but since 


= fl 


"od 





Fig, 10-36.— Block diagram of the basic oscilloscope corre- 
sponding to Fig. 10-35. 
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the same signal also exists at the input of the vertical 
amplifier (across the vertical-amplifier gain control), 
where it may be more or less than the amount of volt- 
age at the deflection plates, it stands to reason that, in 
the final analysis, the setting of the vertical gain con- 
trol will determine the dimension of the trace. 

This might be obvious from all that has been said 
before, but it warrants mention and illustration just 
the same. Oscillograms (A), (B), (C), and (D) in 
Fig. 10-37 indicate the appearance of an a-c voltage 
without time-base deflection for several settings of the 
vertical gain control, These are: zero setting of the 
vertical-gain contfol (A), insufficient height of the 
trace (B), satisfactory height of the trace (C), and 
excessive height of the trace (D). In (D) the trace 
spreads vertically beyond the limits of the tube screen. 

The previous reference to the normal height of the 
trace means a length which is about 2 inches high on 
a 3-inch screen, and 3.5 to 4 inches high on a S-inch 
screen ; in general, about 60 to 70 per cent of the screen 
diameter. 





Fig. 10-37. — Oscillograms taken 
with organization as in Fig. 10-35; 
СА) sero setting of the vertical gain 


control, (B) insufficient height of 
the trace, (C) satisfactory height of 
the trace, and (D) excessive height 
of the trace, 


We might mention that if the frequency of the volt- 
age applied to the vertical-deflection plates is very low, 
say 2 or 3 cycles or less, the trace will not be a fixed 
line; it will “breathe,” which is what we call the action 
of expansion and contraction of the line. No matter 
where the vertical gain control may be set, it will still 
contract and expand at a rate corresponding to its fre- 
quency. The ability to see the action of amplitude 
changes is due to the low frequency. At high frequen- 
ies, the change takes place too rapidly, and a complete 
ine appears on the screen. 

In view of the contents of Chapter 19, it is of interest 
at this time to comment upon the use of the sectional 
organization shown in Fig. 10-35 for the measurement 
of the peak-to-peak values of signal voltage. This par- 
ticular application is not an important one because 
many similar measurements can be made more con- 
veniently with simpler equipment, certainly with equip- 
ment which will not load down the source of the voltage 
as much as a cathode-ray oscilloscope might. We are 
referring to the high-impedance vacuum-tube volt- 














meter. However, it is becoming common practice in the 
more elaborate oscilloscopes to provide for signal-level 
measurements as a convenience while making other 
determinations, thus obviating the necessity for using 
supplementary equipment. This is especially significant 
since such measurements may be made while observing 
the waveform of the signal being investigated, or any 
portion of the signal. 

‘The above is not evident in Fig. 10-37 since the time- 
base dimension is absent, but the idea can be gathered 
from the statement that since the full length of the trace 
represents the peak-to-peak value, half the trace height 
is the peak value of one alternation, and if the length 
of the trace each side of the undeflected position of the 
spot is converted into voltage, any fraction of that 
dimension can likewise be converted into voltage on a 
proportional basis. Devices for just such measurements 
are available as supplementary apparatus for oscillo- 
graphic use. In fact, they are to be found as parts of 
complete oscilloscopes. (They are known as cali- 
brators. See Chapters 14 and 19.) 


Frequency Comparison 

‘A very commonplace arrangement of the sections of 
an oscilloscope is shown in Fig. 10-38. The vertical and 
horizontal amplifiers are present but no time-base 
source. This arrangement is identified at the head of 
this paragraph as being suitable for frequency meas- 
urements or frequency comparison. This is true, but it 
also is suitable for any other operation which demands 
the use of only the vertical and horizontal amplifiers 
from among the units within the device. Visual align- 
ment is one of these when the horizontal sweep signal 
is supplied by the sweep generator. The switch posi- 
tions are shown in Fig. 10-39, 

Obviously the frequencies applied to the vertical and 
horizontal deflections must be within the response of 
the two amplifying systems. While it is customary to 
think about sine waves when making frequency com- 
parisons, nonsinusoidal waves may be used. 
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Fig, 10-39.—Block diagram of the basic oscilloscope corre- 
sponding to Fig. 10-38. 


Chapter 12 is an elaborate presentation of applica- 
tions which would use the oscilloscope organization 
illustrated in Fig. 10-38 and that chapter also contains 
very many illustrations depicting phase and frequency 
measurements. In order that we remain consistent with 
what has gone before, Fig. 10-40 shows six patterns 
resulting from the combination of different types of 
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waves fed to the vertical and horizontal amplifiers or- 
ganized as indicated. In each case A is the resultant, 
B is the shape and relative amplitude of the wave fed 
into the vertical amplifier, and C is the wave fed into 
the horizontal amplifier. The explanations for these 
patterns and many more, simple as well as complex, 
are given in Chapter 12. 


Horizontal Deflection Only 

Two possible organizations of the sections of the 
basic oscilloscope are shown in Fig. 10-41A and 
10-41B. These have little value in oscillography, other 
than as a means of familiarization with the operation 
of horizontal deflection due to the sawtooth time-base 
oscillator or the sine-wave time-base voltages. It is 
shown specifically for that purpose. Examination of 


60 ^, 
TIME BASE 
(в) 
10-41.— Possible organizations of the basic oscilloscope; 
in (A) the blocks are arranged for internal synchronization, 
and in (B) they are arranged for 60-cps syachronization. 
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Fig, 10-42.— Block diagrams of the basic oscilloscope corre- 
sponding, respectively, to the organizations of Fig. 10-41. 


the block diagrams discloses that the vertical-deflec- 
tion plates receive no voltage, whereas the horizontal- 
deflection plates may receive a voltage from either the 
sawtooth time-base oscillator or from the sine-wave 
time-base source through the horizontal amplifier. The 
choice of either kind of signal input to the horizontal 
amplifier is made by means of the horizontal amplifier 
input selector switch as shown in Fig. 10-42A and B, 
respectively. 


Fig. 10-43.—Oscillograms dem- 
onstrating various conditions of 
Horizontal gain without any ver- 
meal input; (A) shows zero setting 
Sf ihe gain control, (B) shows 
Suficient amplitude, (C) i the cor- 

mplitude, and (D) shows ex- 
c horizontal amphiode. 














In the absence of the vertical deflection, the signal 
voltage applied to the horizontal-deflection plates ap- 
ears on the screen as a horizontal trace. As in the case 
of the vertical amphfier (Fig 10-35), the magnitude 
of this trace is determined by the amount of signal volt- 
age applied to the horizontal-deflection plates, and, 
again as in the case of the vertical-deflection plates, the 
horizontal-deflection voltages appear originally at the 
input of the horizontal amplifier. Consequently, the 
setting of the horizontal-amplifier gain control deter- 
mines the magnitude of horizontal deflection and can 
vary it from zero to the value required to spread it be- 
yond the limits of the screen. This is shown in Fig. 
10-43 as (A), (B), (C), and (D) where (A) corre- 
sponds to the zero setting of the horizontal gain con- 
trol, (B) is insufficient amplitude, (C) is correct am- 
plitude (60 to 70 per cent of the screen diameter), and 
(D) is excessive horizontal amplitude because the hori- 
zontal gain control is advanced too far and the trace 
extends beyond the limits of the screen. 

Which of the time-base sources is being used for the 
development of the traces in Fig. 10-43 is immaterial, 





since both will look alike, While the character of these 


voltages is different, one cannot be distinguished from 
the other because the vertical displacement necessary 
to show amplitude variations 1s lacking. All kinds of 
a-c voltage would look alike under such circumstances, 
appearing as a single line trace with a length deter- 
mined by the value of signal voltage fed into the hori- 
zontal gain control, the setting of this control, and the 
gain of the amplifier. The exception to the appearance 
of the trace is the very-low-frequency sawtooth volt- 
age. If the frequency is one or two cycles, the trace will 
be a dot which will be in motion, but if the frequency is 
higher, the trace will be a complete line. Varying the 
horizontal gain control when the trace is a discrete dot 
of light advancing across the screen will determine the 
length of its path. 


WAVEFORM PRESENTATION 


The organization of the sections of the basic oscillo- 
scope for the examination of waveforms, or for the ex- 
amination of actions which have been converted into 


306 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 





. 10-44.—Organization of the basic oscilloscope for the 
aio eerie 





‘equivalent voltages, is shown in Fig. 10-44, This is the 
most prominent application of the oscilloscope. For 
such determinations, the cathode-ray oscilloscope is 
beyond comparison with any other instrument. How- 
ever, since we are dealing with a basic example of the 
device, we are forced to restrict the extent of the appli 
cation to those functions which are within the capa- 
bilities of this category of instruments. This simply 
means that we shall not deal with the display of non- 
recurrent, short-duration pulses which require trig- 
gered sweeps. Instead, we shall devote our attention to 
those quantities that can be displayed by the conven- 
tional repetitive sweep, the sawtooth kind first, then the 
sine-wave variety. The more elaborate versions will be 
treated separately later in this chapter, when we ana- 
lyze the manner in which the basic oscilloscope is modi- 
fied so as to become a more elaborate instrument. 

The significant additions to the block diagrams 
shown so far are the time-base oscillator and the syn- 
chronizing system. These two are required if the volt- 
age applied to the vertical amplifier is to be shown 
relative to time. The switch positions for examination 
of a wave using the sawtooth sweep are shown in Fig. 
10-45. 

In order that we advance in a logical manner, it will 
be necessary at this time to refer back to Chapter 9 for 
just a brief moment, That chapter explained the man- 
ner in which the &me-base voltage deflection, acting in 
conjunction with the deflection due to the vertical volt- 
age, resulted in a trace which depicted amplitude vari- 
ations versus time. We illustrate this in Fig. 10-44 by 
a sine-wave voltage at the input of the vertical ampli- 
fier, a sawtooth voltage at the output of the time-base 
oscillator, and the final sine-wave picture on the screen 
of the tube. 

At this point, let us digress for a moment in the chain 
of events and make a few comments concerning the 








relationship between the frequency of the signal under 
observation and the frequency setting of the time-base 
oscillator. As a beginning, let us recall that the usual 
arrangement for the selection of the frequency of the 
latter is in the form of two variable controls. The multi- 
position switch control selects the frequency range ; the 
continuously variable control affords “fine” tuning of 
the oscillator system so that the precise frequency nec- 
essary for displaying a clear, easily readable trace is 
attained. The frequency of the time base relative to the 
frequency of the signal fed into the vertical amplifier 
determines how many cycles of the quantity being 
‘examined will appear on the screen. 

As a general rule, the frequency calibrations of the 
time-base oscillators are rough ; they approximate the 
panel markings but cannot be preset with accuracy for 
calibration purposes. This does not indicate faulty de- 
sign, for, after all, the device may be a free-running 
multivibrator until it is locked at a specific frequency 
by the synchronizing signal. This signal tends to vary 
the frequency of the sweep oscillator, and, therefore, 
prevents any attempt to use the frequency markings on 
the panel for precise calibration or frequency determi- 
nation, At best, these units bear tolerance limits and 
this too tends to aggravate the situation. We are speak- 
ing about the general-purpose devices typified by the 
basic oscilloscope, although we can go so far as to say 
that only a special category of devices affords sweep 
frequencies which approach a high order of accuracy. 
In the final analysis, great accuracy in calibration of 
the general-purpose sweep-voltage source 
tial because each application demands indi 
justments so as to place the desired trace on the screen. 
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Such adjustments must, however, be correct and are 
attained best by careful attention to the frequency set- 
ting of the sweep oscillator with minimum synchroniz- 
ing voltage. The adverse effects of excessive synchro- 
nizing voltage can be as great as insufficient synchro- 
nization. 


Relationship Between Sweep and 
Signal Frequencies 


Speaking in generalities, with more elaborate ex- 
planations to follow, the relationship between the fre- 
quency of the signal being applied to the vertical- 
deflection plates and the frequency of the time base 
determines the number of cycles of the signal which 
will appear on the screen. In all cases of waveform dis- 
play, the frequency of the sweep voltage is either less 
than that of the signal, or equal to that of the signal, 
but never higher than that of the signal, If the sweep 
frequency is higher than the signal frequency, only 
portions of the signal cycle will appear on the screen 
and the interpretation is.extremely difficult 

‘As to what should be the correct frequency status 
between these two signals, it is a matter of individual 
choice, although certain conditions inherent in oscillo- 
scopes dictate a certain treatment. This is the appear- 
ance of at least 2 cycles of the signal wave and prefer- 
ably 3. The reasons for this will be shown soon. 

The suggestion to display 3 cycles of the signal being 

examined is not a rigid rule; it can be more or less, to 
suit the viewer, In fact, sometimes the design of the 
time-base oscillator prevents this. For example, if the 
frequency of the signal to be examined is 10 cycles, the 
sawtooth oscillator must have a low limit of 3 cycles in 
order to display 3 cycles on the screen, which, in turn, 
means that the horizontal amplifier must pass a 3-cycle 
fundamental sawtooth voltage, and the vertical ampl 
fier must pass a 10-cycle signal. The same controlling 
factors would apply for whatever may be the signal 
frequency. At the high end, the usual controlling factor 
is the upper-frequency limit of the sweep oscillator. If 
a 600-ke wave is to be examined with a sawtooth sweep 
rated at a top frequency of 30 ke, 20 cycles of the signal 
will be the fewest capable of display. This is too many, 
even if it is possible to spread the horizontal deflection 
so that only a part of the entire display appears on the 
screen, 
Several examples of the manner in which the ratio 
between the time-base oscillator and signal frequencies 
determines the number of cycles that appear on the 
screen might aid comprehension. Consider the fol- 
lowing: 








Sweep Signal Number of 
Frequency Frequency Cycles 
(сусіез) (cycles) on screen 
1 1 1 
1 5 5 
3 9 3 
п 2 2 
150 300 2 
2400 7,200 3 
10,000 30,000 3 
10,000 100,000 10 


These are random examples and, in every case, the 
frequency of the sweep is below the frequency of the 
signal. Pictorially, some of these appear in (A), (B), 
(C), and (D) of Fig. 10-46. The greater the ratio 
between the signal and the sweep frequency, the 
greater will be the number of cycles on the screen, This. 
figure shows a sample of a single-cycle trace (A), 
multiple-cycle traces (B) and (C), and in (D) a trace 
which is nothing more than a rectangle of light be- 
cause the individual cycles blend into each other due 
to the extremely high ratio. From all of this it is pos- 
sible, generally, to conclude that a trace with more 
than 5 or 6 cycles contains too many cycles. 

Referring once more to the tabulation of frequencies, 
these are by no means the specific frequencies to which 
the time-base oscillator and the signal sources are lim- 
ited. Since the time-base oscillator is continuously 
variable in frequency, its setting is determined by the 
constants arranged by the position of its controls. In 
like fashion the frequencies, which can be accepted by 
the vertical amplifier, cover a range and any frequency 
within this range may be applied to the input of the 
vertical system. 


Vp n d 
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Integral and Fractional Sweep-Signal 

Frequency Ratios 

Now, it is important to understand that some form 
of pattern will exist upon the screen for all ratios be- 
tween the sweep frequency and the frequency of the 
wave to be examined. However, the nature of these 
patterns is too complicated to be of any value and, as a 
general rule, the patterns are moving. To establish the 
waveshape of the voltage applied to the vertical-deflec- 
tion plates, it is necessary that the pattern appearing 
upon the screen be the simplest to show the waveshape. 
Such a pattern is established when the relation between 
the signal and sweep frequencies is a simple integral 
ratio, not a fractional ratio, When the former ratio 
exists, such as 1:1, 2:1, 3:1, 4:1, 5:1, etc., and the 
lower frequency is that of the sweep circuit, the maze 
of lines moving across the screen will develop into a 
simple waveform. Whether or not this wave will be 
sinusoidal or distorted depends upon a number of fac- 
tors, which need not be discussed at this time. At any 
rate, the pattern desired is that which has a single line 
waveform of one or more cycles. 






0-47 — Three stages in the synchronization process. 


The greater the ratio between the sweep frequency 
and the frequency of the voltage under observation, the 
greater is the number of lines which appear in the pat- 
tern during the time that the fractional ratio exists be- 
tween the two frequencies. However, as the sweep fre- 
quency is changed and approaches that value which 
provides the simple integral ratio, the number of lines 
in the pattern becomes less and less, until a single line 
waveform pattern appears, This adjustment is reached 
by manipulating the fine frequency control, This is 
shown in three stages in Fig. 10-47. 


Keeping the Pattern Stationary 
(The Synchronizing Control) 

Using the time-base oscillator properly is very im- 
portant to the fulfillment of the purpose of the oscillo- 
scope. As individual as thi» section may seem in func- 
tion, nevertheless, it is very closely associated with the 
synchronizing system or control. Proper selection of 
the time-hase frequency relative to the signal frequency 
can result in a stationary pattern, but, due to unavoid- 
able minor variations in operating voltages, the time- 
base oscillator will not remain constant in frequency. 


Instead it may require repeated readjustment, so that. 





The electrical conditions, created in the time-base 
oscillator when the synchronizing signal is injected, 
are explained thoroughly in Chapter 11, but in the 
meantime we can discuss the effects. One of these is 
constancy of frequency as long as the synchronizing 
signal is being applied ; the other, and equally impor- 
tant, is that the synchronizing signal is capable of 
changing the frequency of the oscillator so that it will 
keep in step, if for some reason some variation in fre- 
quency would be occasioned by some other related 
change in operating conditions. A third and equally 
important characteristic is that the amount of synchro 
nizing voltage injected into the multivibrator deter- 
mines the behavior of that oscillator, and in that way 
the shape of the pattern. 








Variables in Waveform Display 


The content of the previous paragraph involves во 
many operating variables that this is an excellent point 
in the text to introduce a number of operating features 
which will demonstrate the application of the oscillo- 
scope to waveform display, and, in general, describe 
the manner of handling the different controls’ located 
‘on the panel of the basic device. Just as a reminder, the 
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time-base voltage is of sawtooth character until a 
change is stated. 

Let us now assume the following set of conditions. 
The intensity, focus, and positioning controls are set 
so that the correct dot of light appears at the center of 
the screen. Then : 

1. An audio signal source is connected to the input 
terminals of the vertical amplifier. The generator is 
placed into operation so that a signal of reasonable 
strength is available at its output terminals, 

2. The vertical-amplifier gain control is advanced to 
about one-third its full range. 

3. The HOR-INPUT selector switch is set at INT 
as indicated in Fig. 10-45. 

4. The SYNC SELECTOR switch is set to INT 
as indicated in Fig. 10-45, 

5. The SYNC control is set slightly beyond its 0 
setting (or just in the + or — zones indicated) on the 
panel. 

6. The rough frequency control of the sweep oscil- 
lator is set to that position which approximates 750 cps. 

7. The horizontal-amplifier gain control is advanced. 
just slightly beyond its minimum setting. 

8. The fine frequency control of the sweep oscillator 
is then adjusted slowly until a single line pattern like 
that shown in Fig. 10-48A appears on the screen. 








Fig. 10-48.—IIlustrating the improvement in the pater as a 
result of increasing the sweep amplitude 


9. A slight readjustment of the synchronizing con- 
trol and the fine frequency control will result in a sta- 
tionary pattern. (This is a single cycle of the signal 
applied to the vertical amplifier.) 

10. A slight advance of the intensity control may be 
necessary in order to develop the satisfactory bright- 
ness of the trace since the motion of the electron beam 
reduces the time of screen excitation. 

Obviously, the representation of the single cycle is 
not the most perfect-looking wave. There are several 
reasons why a symmetrical wave is not upon the screen. 
Although we do not know the characteristics of the 
signal available from the signal generator, we assume 





it to be a sine wave and the trace on the screen cer- 
tainly does not look like an acceptable version. There 
are several possible reasons for this, all of which are 
related to the adjustments and operation of the oscillo- 
scope. This should not be taken to mean that every 
trace, which is not a good version of whatever may be 
the kind of voltage being examined, is a sign of im- 
proper operation of the oscilloscope. It happens to be 
so in this example, the conditions of which have been 
deliberately chosen so as to illustrate several points. 
Once the proper method of setting up a trace on the 
screen has been learned, the proper and improper con- 
ditions of operation will he understood. 

Returning to the reasons for the appearance of the 
trace on the screen (Fig. 10-48A), one of these is i 
sufficient horizontal deflection ; the horizontal-ampl 
ficr gain control is not advanced sufficiently relative to 
the amount of vertical deflection, A second reason is 
that the absence of absolute linearity in the sweep volt- 
age tends to distort a single cycle, The third reason also 
is related to the sweep voltage. The distortion is partly 
due to the portion of the signal cycle occupied by the 
retrace or flyback time of the sweep voltage. Since this 
never can be sufficiently rapid so as to occupy zero 
time, it must cut off a portion of the cycle in the display. 

With a single cycle on the screen, we can perform 
several experiments. The first of these would be de- 
scribed as “increasing the sweep amplitude.” This is 
done by advancing the horizontal gain contro! some 
what, and this produces the trace shown in Fi 
10-48B, Actually, we have increased the level of the 
time-hase voltage at the deflection plates, but not by 
increasing the sweep oscillator output ; that remains 
fixed, for the output from the time-base generator is 
constant in level at each of the frequency settings. The 
output may not be the same over the entire range of 
the oscillator, but it is substantially constant over a 
given part of the range, tending to fall at the high fre- 
quencies. However, at any one frequency, any increase 
or decrease in time-base voltage at the deflection plates 
is a function of the horizontal gain control, since it 
determines voltage level of the signal admitted into the 
horizontal amplifier. 

The amplitude is increased, as we stated, and the 
pattern (B) in Fig. 10-48 is a much better-looking 
wave than pattern (A). Bear in mind that no change 
has been made in the audio oscillator output, nor has 
any change been made in the vertical amplifier. It is, 
therefore, evident that the adjustment of the trace 
dimensions can have a very material effect on the gen- 
eral appearance of the trace, and can very greatly in- 
fluence visual interpretation. 
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The improved pattern is still far from being a really 
good wave, since some of the conditions mentioned 
previously have not yet been changed. Increasing the 
amplitude of the sweep voltage by advancing the hori- 
zontal gain control does not improve the linearity of 
the sweep, because, as we stated earlier, the control is 
external of the sweep generator. It is located in the 
horizontal amplifier, and we assume that this system 
contributes nothing to, or detracts nothing from, the 
characteristics of the time-base voltage. This may not 
always be so, but it is regarded as being so at this 
monent. 

The fact that the return trace, visible as a very thin 
and very light line across the screen, is not located at 
the exact center of the trace is a matter of the phase 
relationship between the synchronizing voltage and the 
time-base oscillating system. (This is discussed in 
Chapter 11,) Perfect centering so as to divide the trace 
into two halves never is attained, but a fair approxima- 
tion is accomplished, although in the final analysis, it 
is not necessary, for reasons which soon will become 
evident. A better approach to centering of the return 
trace can be made by slight readjustment of the syn- 
chronizing signal amplitude control and the fine fre- 
quency control, but it is not too important. 

A still further improvement in the appearance of the 
trace can be made by advancing the sweep amplitude 
(horizontal gain control) a little more, until the trace 
shown in Fig. 10-48C appears. If you compare (A) 
and (C), the effect of proper trace dimensions is very 
clearly seen. This does not mean that every trace 
should be spread horizontally as much as possible, for 
by so doing one can alter the apparent characteristics 
of a wave so that it will appear like something which 
it is not. Just what we mean will soon be shown. 

How can we minimize the effects of a nonlinear 
sweep voltage? Since the nonlinearity is more pro- 
nounced as the maximum charging voltage point is 
reached in the sweep oscillator, one means of mini- 
mizing the effects of a nonlinear sweep is by placing 
several cycles of the signal voltage on the screen. The 
cycle or cycles which are spread by the linear part of 
the sweep will be properly shown, and the portions 
which are distorted by the nonlinear part of the sweep 
may be ignored. Such a condition is approximated 
when 3 cycles of the signal are shown on the screen. It 
would be even more true if more cycles were displayed, 
but as we said previously, crowding of the signal cycles 
in the display impairs the ease of,examination. 

So, we reduce the frequency setting of the sweep 
oscillator by means of the rough frequency control to 
about one-third of what it was before, Since the signal 





(C) 





Fig. 10-49. llostrating the improvement in a 3-cycle pat- 
tern as a result of increasing the sweep amplitude. 





frequency is 750 cps, the time-base oscillator in the 
oscilloscope is adjusted to approximately 250 eps. The 
setting of the signal source remains untouched. In 
order to make the pattern stationary, the fine frequency 
control will require adjustment, as will perhaps the 
synchronizing control. The result is shown in Fig. 
10-49A. If you compare this display with (A) in Fig. 
10-48, the improvement effected by showing 3 cycles 
instead of 1 cycle is immediately evident. It is still the 
same signal, except now it looks very much better, and 
this is a truer representation because the conditions of 
operation of the oscilloscope are much more correct, 

In truth, these 3 cycles are crowded too much for 
easy examination. The horizontal dimension originally 
satisfactory for 1 cycle is too little for 3 cycles. So we 
increase the sweep amplitude by advancing the hor 
zontal gain control a little more, and the result 
shown in Fig. 10-49B. To say the least, these repre- 
sentations of the signal from the audio oscillator more 
closely approach the normal impression of a sine wave ; 
the trace is of such proportions that the characteristics 
of the wave can be studied, especially the middle cycle. 

If it is desired to spread the wave still more, the 
sweep amplitude (the horizontal gain control) is ad- 
vanced still further and the pattern shown in Fig. 
10-49C develops. It may seem at first glance that the 
frequency of the sweep was changed, because fewer 
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cycles appear on the screen, What has actually hap- 
pened is that the increase in sweep amplitude has in- 
creased the beam deflection in the horizontal direction 
sufficiently to cause it to move beyond the limits of the 
screen and those portions of the wave which are being 
traced by the beam at the extreme limits of its travel 
are no longer visible because they are off the screen. 

Horizontal amplitudes of this dimension are not 
necessarily examples of incorrect operation. In fact, 
the reverse may be said under certain conditions. It is 
an example of good operation of the oscilloscope, when, 
because of the frequency limitations of the time-base 
oscillator, it is impossible to make the sweep frequency 
high enough relative to the signal frequency, to place 
3 cycles on the screen. Under such conditions, the 
sweep amplitude is increased sufficiently so that only 
a few cycles appear on the screen, thus overcoming the 
handicap introduced by the limited sweep-frequency 
range, which, if treated otherwise, would crowd the 
screen with many cycles of the signal. 

If you compare (A), (B), and (C) in Fig. 10-49, 
you will note that the peaked tops of the signal cycles 
in oscillogram (A) were due entirely to the conditions 
of display, for actually the tops of the wave are rounded 
off. It is in this connection that a word of caution is 
necessary ; excessive expansion in the horizontal direc- 
tion can round off the peaks of the wave being shown 
so that it becomes something which it is not. It is an 
action which must be remembered as a fundamental 
condition related to correct operation of the oscillo- 
scope, and as will be shown soon, applies in the vertical 
direction too. Certain optimum dimensions exist, but 
they cannot be stipulated as definitely as we state the 
minimum number of cycles of a wave. Experience is 
the best teacher. 

We might further remark that the display of 3 cycles 
eliminates all complications due to the loss of a part of 
a cycle by the sweep voltage retrace. Since this takes 
place on the last cycle and also influences the point 
where the display of the first cycle begins, the second 
cycle is shown completely without being affected in any 
way by the return trace time, 





Vertical Amplitude Variations 


The images shown thus far were made with the 
initial vertical-amplifier gain-control setting. Under- 
standably, adjustment of this control can have its ef- 
fects. Let us imagine a reduction in the gain made by 
reducing the setting of this control. What happens? 
The obvious result is the reduction in the height of the 
trace on the screen as shown in Fig. 10-50A, but in 
addition, such reduction in vertical-defection voltage 





Fig, 10-50.— Showing the effect of varying the vertical am- 
plitude of a particular signal 


may be, and usually is, accompanied by the need for a 
slight readjustment of the synchronizing voltage со 
trol. This stems from the fact that reducing the signal 
input to the vertical amplifier reduces the amount of 
synchronizing voltage applied to the time-base oscil- 
lator. If the reduction is sufficient, the sweep oscillator 
will go “out of sync” and the trace will be set into 
motion, As the vertical-amplifier gain control is re- 
tarded, the synchronizing control must be advanced in 
order to apply the same amount of synchronizing volt- 
age to the sweep oscillator, We assume that this was 
done and the pattern of Fig. 10-50A is the result. 

It is easy to see that the trace is out of proportion, 
that is, it is too wide for its height. The wave still looks 
like a sine wave, but such reduced height can cloak 
some irregularities in the wave; at any rate, a height 
equal to the width is preferable, So the vertical-ampli- 
fier gain control is advanced and the trace shown in 
Fig. 10-50B appears on the screen. Depending on the 
setting of the synchronizing control, the wave simply 
increases in height without any major change in the 
number of cycles shown, although, if the synchronizing 
control is advanced too far, increasing the vertical- 
amplifier gain control may alter the number of cycles 
on the screen. This may require a slight reduction of 
the synchronizing voltage, which we assume has been 
done, in order to retair the same general appearance 
of the trace. 

Advancing the vertical-amplifier gain control still 
more may result in a trace like that shown in Fig. 
10-50C. The peaks of the wave are off the screen be- 
cause the vertical deflection is excessive. A display of 
this type is not usually used, although it has its pur- 
pose if the primary concern is in the portions of the 
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wave between the peaks. When the interest lies in the 
entire wave, such an adjustment of the vertical-ampli- 
fier gain control is incorrect. 

If the interest lies in either the positive or the nega- 
tive peaks of the wave and it is desired to examine 
them under conditions of high amplification, the beam- 
positioning control may be used to shift the entire 
image downward or upward so as to return the missing 
peaks onto the screen. This is shown in Fig. 10-51 A 
and B. Oscillogram (A is the display when the beam- 
positioning control has shifted the beam sufficiently so 
that the positive peaks are visible, but almost the entire 
lower half of the trace is off the screen, and oscillogram 
(B) shows just the reverse condition. In this illustra 
tion, the positioning control has shifted the beam suffi 
ciently so that the negative peaks appear on the screen, 
but almost the entire positive alternation of the wave 
is off the screen. Whether or not these variations in the 
settings of the vertical-amplifier gain control require 





readjustment of the synchronizing control depends 
upon the exact conditions in each instrument. If they 
are required, we assume that the slight changes neces: 
sary to stop the image are made. 


Fig. 10-51—Positive peaks and negative peaks of a signal 
‘whose peaks would normally appear off the face of the screen. 


Trace Blurred at Edges 

It might be well to make several more comments con- 
cerning the vertical dimension of the image. To begin 
with, the usual method of operation is to set up a trace 
which is as large as the signal conditions and the screen 
dimensions allow, bearing in mind that the usable por- 
tion of the screen surface does not extend out to its 
boundary. If the peaks of the wave are permitted to 
extend to the extremes of the screen, the curvature of 
that surface will distort the trace at that point and make 
it difficult to examine. The distortion may be a change 
in the shape, but even if it is not so, the trace will be 
blurred. This is shown in Fig. 10-52A. 





tern which 
extends to the extremes of the screen. (B) and (C) are the 
positive and negative peaks of a signal that results [rom over- 
loading the vertical amplifier. 


Fig, 10-52—(A) Blurring at the edges of a 


Overloading the Vertical Amplifier 
Although the design of the vertical amplifier in the 
oscilloscope is such that it will accept a wide range of 
signal voltages, it is still possible to overload the am- 
plifier by opening widely the vertical-amplifier gain 
control. Unlike the normal behavior of an overloaded 
rf, if, or af amplifier in a receiver, which may indi- 
cate the condition by some departure from normal 
sound, overloading the vertical-amplifier tubes in an 
oscilloscope will not be audible. In fact, it may not even 
be visible in the display which appears on the screen. 
Since the action is due to the high level of the input 
signal, the deflection of the beam will invariably be of 
such dimensions as to drive the beam beyond the lim- 
its of the screen or near the peaks, so that neither the 
positive nor the negative peak of the signal will be 
visible. Since the distortion takes place on the peak: 
can be detected only by adjustment of the beam-posi- 
tioning controls so as to return the peaks to the screen, 
first the positive peak and then the negative peak. 
The sign of such overloading is a flattening of the 
trace at the peaks of the wave as shown in Fig. 10-52B 
and C, the former being flattening at the positive peaks 
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and the latte: at the negative peaks. As a rule the ver- 
tical amplifier in an oscilloscope is designed so that the 
trace may be increased in size somewhat beyond the 
limits of the screen without overloading of the ampli- 
fiers. One might say that amplification beyond the 
limits of the screen is useless since what is beyond the 
screen limits cannot be seen anyway, but that is not 
entirely true, because the occasion may arise when it 
may be desired to expand the image vertically for a 
better examination of the waveform and to use the 
vertical positioning control to make the peaks visible. 
It is for such purposes that the amplifying capabilities 
of the vertical amplifier extend beyond the needs set by 
the screen diameter in the vertical direction. 

As we mentioned earlier, it is difficult to designate 
the correct size of an image. It depends upon numerous 
conditions. Sometimes the gain of the vertical ampli 
in an oscilloscope may not be sufficient to raise the am- 
plitude of a very weak signal beyond a vertical dimen- 
sion of 0.5 or 075 inch. Unless additional amplifica 
tion is available between the signal source and the input 
to the vertical amplifier, one will have to be satisfied 
with an image of such vertical proportions. There are 
times when even with added amplification this ampli 
tude is not available, in which case the oscilloscope is 
useless. When the height is small, the width must be 
reduced in proportion. In addition, it then becomes ad- 
visable to reduce the dimensions of the spot or the beam 
density so that a thin line trace is attained. Tt is easier 
to study the characteristics of such a small trace when 
portrayed by a beam of reduced density, than when the 
beam is at full density. 








Insufficient and Excessive Synchronization. 

Althongh we have spoken about synchronization on 
several occasions, still more remains to be said. We 
still have in mind internal synchronization by the signal 
secured from the vertical amplifier, just as was indi- 
cated in Fig. 10-45, and we are still working with the 
sawtooth time-base voltage. 

There are two conditions of incorrect synchroniza- 
tion, regardless of the origin of the synchronizing sig- 
nal. One of these is insufficient synchronizing voltage, 
and here the pattern will be in motion ; the other is ex- 
cessive synchronizing voltage, in which case the pattern 
will be stationary, but it will be distorted, and in addi- 
tion the frequency of the time-base oscillator may be 
materially changed. The origin of this distortion is very 
interesting, but, since it is treated in detail in the chap- 
ter which follows, we shall be brief at this time. The 
same applies to the control of frequency. 


(A) (в) 


Fig. 10-53—(A) Properly synchronized sine wave. (B) 
Same signal oversynchronized. 


If we were to decide between two evils, that is, 
under- or over-synchronization, the latter is preferable 
since the image is stationary, but its adverse effects can 
be so great as to warrant the statement that it is no 
better than the first. For example, Fig. 10-53A illus- 
trates a sine wave shown as a single cycle when the 
m is correct. With excessive synchro- 
nization, the same pattern is changed to that illustrated 
in Fig. 10-53B. Although we do not recommend single- 
cycle display, the trace (A) is readable, and note that 
the setting of the synchronizing control is such that 
both halves of the cycle are almost fully displayed. The 
pattern shown in (B) is an extreme case of excessive 
synchronization, but it need not be due entirely to the 
adjustment of the synchronizing control; it can be the 
result of that adjustment plus the level of the signal in 
the vertical amplifier, for, after all, the signal supplied 
by the synchronizing circuit to the sweep oscillator is 
determined initially by the signal fed into the synchro- 
nizing system írom the vertical amplifier. 














Fig. 10-54—(A) Three cycles of a sine wave properly syn- 
rei (i) Suna thre eles enra оп" 
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In order that we be consistent in the presentation, 
Fig. 10-54 illustrates (A) a proper signal of several 
cycles with correct synchronization, and (B), the ef- 
fect of excessive synchronizing voltage on the same 
signal. Various stages between (A) and (B), repre- 
sentative of different degrees of synchronization, are 
possible, all of which would be illustrations of a grad- 
ual deterioration of the trace from (A) to (B). In fact, 
if the level of synchronizing voltage is high enough, a 
change in the sweep frequency sufficient to reduce the 
number of cycles from three to two is easily possible. 
This is explained and illustrated in Chapter 11. 


Sweep Frequency Higher Than Signal Frequency 

Let us now examine a different condition which is 
possible during operation. It is not the usual approach 
to waveform analysis, but it may be a temporary state 
while making the proper sweep-frequency adjust- 
ments. As a matter of fact, it is a clue to the condition 


where the sweep frequency is higher than the signal 
frequency. We are referring to a trace which seems to 
be lying on its side. One example of this appears in 
Fig. 10-55A, and another, which is much more fre- 


Fig, 10-55 —Sweep frequency twice signal frequency . 


quently encountered, is shown as oscillogram (B) in 
the same illustration. Both are representative of a 
sweep frequency which is twice as high as the signal 
frequency. The difference in appearance of the two 
traces stems from the phase conditions between the 
synchronizing voltage and the sweep oscillator voltage, 
the former being the equivalent of the input signal. 
‘Two possible conditions of synchronization during the 
development of the trace shown as (B) in Fig. 10-55 
are shown as (A) and (B) in Fig. 10-56. Both of these 





Fig. 10-56.—Stages in the synchronization of Fig. 10-55(B). 





were in motion when the pictures were snapped. The 
former shows less synchronization than the latter. Vir- 
tually the same effects could be achieved by variation 
of the fine frequency control of the sweep oscillator 
when degree of the synchronization is maintained just 
below the point when the trace ceases its motion. If you 
will recall, the graphic development of the trace result- 
ing from a higher sweep than signal frequency was 
given in Chapter 9, as in Fig. 9-7, 


Se ес 


(A) (B) 








Fig. 10-57.—Sweep frequency four times signal frequency. 


Another example of this frequency relationship, 
with a 4:1 ratio between sweep and signal frequencies, 
is given in Fig. 10-57A and B. The difference in ap- 
pearance between them is simply a matter of the phase 
relationship between the synchronizing signal and the 
sweep voltage at the starting point. As a means of ex- 
amining the waveform of the signal, these patterns are 
of no use, although under special conditions of control 
adjustments, these patterns may be used for calibra- 
tion purposes. Much simpler and better means are 
available, however. All of the traces shown in Figs. 
10-55 and 10-57 were made with the proper amount of 
synchronization. An idea of what can happen when the 
synchronization is excessive can be had from Fig. 
10-58. “Similar patterns are possible for higher fre- 
quency ratios between sweep and signal, but they serve 
little purpose because they become more and more 
complex with less and less meaning. Each line on the 
trace becomes a smaller fragment of the signal cycle. 
In Fig. 10-55, each line is a half-cycle, whereas in Fi 
10-57, each line corresponds to a quarter-cycle of the 
signal, since the horizontal movement of the beam is 
completed across the screen approximately once each 
quarter-cycle of the signal wave, excluding the retrace 
time. 

The above illustrations deserve a few remarks. Syn- 
chronizing the sweep oscillator when it is set to 
higher frequency than the signal seems to contradict 
the statement that the synchronizing voltage frequency 
must be higher than the sweep frequency in order to 
synchronize the latter properly. This is correct for rea- 
sons which are explained fully in Chapter 11, and the 
oscillograms of Figs. 10-55 through 10-58 are not con- 
tradictions. The ability to stop these patterns stemmed 
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Fig. 10-58. — Fig. 10-57(B) 
with oversynchronization, 





from the manner in which the equipment was set up 
for photographic purposes. Normally it is difficult to 
attain such long-period stationary patterns. Constant 
readjustment of the synchronizing control usually is 
necessary, or constant readjustment of the fine fre- 
quency sweep control is required. The action with 
pulse-type signal input is different. 


Distortion of Complex Wave Input 


The illustrations offered in connection with the dis- 
play of a wave were accomplished with sine-wave input 
to the vertical-deflection plates. A complex signal can 
be treated the same way. This is shown in Fig. 10-59 
for a properly synchronized input signal which is rep- 
resentative of a distorted voltage wave. By reference to 
Chapter 20, the wave shown was analyzed and found 
to contain the fundamental, third, and fifth harmonics ; 
the fundamental and third harmonic being in phase, the 
fifth harmonic leading by 90°, and the amplitude of the 
third harmonic equal to 5 per cent of the fundamental, 
and the fifth-harmonic amplitude being about 12 per 
cent of the fundamental. Imperfect synchronization of 
the wave resulted in the oscillogram of Fig. 10-59B. 





Fig, 10-59.—Complex wave (A) properly synchronized, (B) 
imperfectly synchronized. 


Sweep Frequency for Complex Waves 

The means of portraying complex waves which con- 
tain a number of frequencies may cause some doubt, 
especially since the sawtooth sweep voltage bears a 
single frequency rating. What is the frequency rela- 


tionship between the sweep frequency and the signal 
frequency when the latter contains harmonics? Is the 
sweep frequency set relative to the fundamental of the 
complex wave or its harmonics? If so, which one? The 
answer is simple. Any wave which contains frequencies 
which are harmonically related to each other is dis 
played by selecting the sweep frequency relative to the 
fundamental frequency of the signal. By proper syn- 
chronization, the signal can be made stationary on the 
scrcen no matter how numerous its harmonic compo- 
nents. Such is the case in Fig. 10-59, where the sweep 
frequency is one-half of the fundamental frequency of 
the signal. 

If the signal contains random frequencies, the sweep 
frequency should be selective relative to the lowest fre- 
quency in the signal, in which case those components 
which are harmonically related to the lowest frequency 
will be stopped, but there will be motion of the other 
frequencies through the pattern. 





In the case of amplitude-modulated signals, the wave 
will be stopped if the modulation components are har- 
monically related and if the sweep frequency is selected 
relative to the lowest component of the modulation fre- 
quency. If, however, the modulation frequencies are 
representative of speech, the absence of a fixed funda- 
mental frequency prevents a stationary pattern because 
the modulating frequencies are continuously varying. 
For sine-wave modulation (single frequency) the p: 
tern is stopped just as if it were a conventional sine 
wave of the same frequency, by setting the sweep fre- 
quency for the modulation component. 








The individual cycles of a sinusoidally modulated 
wave may be displayed if the sweep frequency is high 
enough, or if the carrier frequency is sufficiently low, 
by selecting the sweep frequency relative to the fre- 
quency of the carrier. Details of transmitter testing are 
given in Chapter 18. 


External Synchronization of Sawtooth Oscillator 
In all of the discussion which accompanied the ex- 
planation of waveform display with the basic oscillo- 
scope, the synchronizing signal for the sweep oscillator 
was obtained from within the vertical amplifier. Pro- 
vision for obtaining the synchronizing signal from the 
source different from the vertical amplifier in the oscil- 
loscope also exists on the device. This is not used when 
the vertical amplifier feeds the signal to the deflection 
system, since then automatic supply of the synchroniz- 
ing signal to the sweep oscillator is accomplished. 
However, since the facility exists, its use might just as 
well be demonstrated. It calls for setting the synchro- 
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Fig, 10-60—Syne selector switch set for external synchro- 
nization, 


nizing system control switch to EXT (external) and 
connecting a lead from the source which supplies the 
signal to the vertical amplifier to the terminal marked 
EXT in the synchronizing system. This is shown in. 
Fig, 10-60 by the dotted lines. 

Making such a connection is simple, but several con- 
ditions must first be taken into account. The first is 
the level of the signal at the output of the signal source. 
to which the external synchronizing circuit is con- 
nected. It may be sufficient for proper synchroniza- 
tion, but it is possible that it is too low (which seldom 
is the case), in which event recourse must be made 
to internal synchronization. 

The second important point is that the input im- 
pedance of the synchronizing circuit usually is appre- 
ciably lower than that of the vertical amplifier; 
may or may not influence the performance of the 
device which is supplying the signal to the vertical 
amplifier when the external synchronizing system also 
is connected to the signal source. If the former is the 
case, the external synchronizing circuit must be used, 
a high resistance of from 100,000 to as high as perhaps 
250,000 ohms might be connected in series with the 
lead between the signal source and the EXT syn- 
chronizing terminal. Sometimes this series resistor is 
not required. This means that adequate signal level 
must be available at the output of the signal source. It 
then becomes a matter of determining which of these 
systems is permissible by virtue of the existing condi- 
tions, even including the use of the external synchro- 
nizing system as a whole. 

Assuming that the conditions allow the use of ex- 
ternal synchronization, how does this affect the per- 
formance of the oscilloscope? If adequate synchroniz- 
ing signal is available, or rather if control of the 
synchronizing signal is correct, then the behavior of 
the oscilloscope remains as described. The only ex- 
ception is that changes in vertical amplitude will not 














cause any effects in the sweep oscillator, for now the 
synchronizing signal is not varied by changes in the 
setting of the vertical-amplifier gain control. 

Relative to the actual connection to the EXT syn- 
chronizing terminal, it joins the high side of whatever 
is the source of the synchronizing signal, or that point 
where an adequate signal will be available. Sometimes 
the oscilloscope may utilize a separate ground terminal 
in addition to the “high” terminal for the input to the 
synchronizing system. Whether or not this ground 
connection is needed depends upon the existence of a 
prior ground between the signal source and the oscil- 
loscope. lf such a ground exists, another ground is 
unnecessary since all the grounds are common in the 
oscilloscope. Still another point relates to the usual 
series blocking capacitor which is present in the high 
side of the input to the synchronizing circuit. This 
capacitor bears a fixed breakdown voltage rating, and 
while in the most instances it is adequate, the voltage 
between the high point of the source of the synchro- 
nizing signal and ground deserves some thought. 





60-cps or Line Synchronization 
of Sawiooth Oscillator 

Among the synchronizing signals which are made 
available in the general run of oscilloscopes for the 
control of the sawtooth time-base oscillator is a voltage 
from the 60-cps power supply line. This can be used 
for the observation of signals which are integral mul- 
tiples or submultiples of 60 cps. It should be under- 
‘stood that this is not the sine-wave time-base voltage, 
rather only a signal which will synchronize the time- 
base oscillator within the unit to 60 cps or to a sub- 
multiple thereof. Restated, this means that the fre- 
quency control switch governing the time-base oscil- 
lator must be set to the same frequency or to an integral 
submultiple of 60 cps. The sync selector switch posi- 
tion is shown in Fig. 10-61. 


Fig, 1061—Sye elector switch vet for Өз ср synchro 


THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 317 


Distortion Due to Nonlinear Sweep 


Although the matter of distortion of the trace due to 
nonlinearity of the sweep is really not a part of the 
fundamental applications of the basic oscilloscope to 
waveform display, it might well be mentioned, for it 
is entirely possible that some devices may show this 
characteristic at the high-frequency end of the sweep 
oscillator range. It may be due to nonlinearity in the 
sweep oscillator, or it may be due to the behavior of 
the horizontal amplifier when operated at this part of 
the sweep-frequency range. A very significant detail 
relative to the performance of the horizontal ampli- 
fier is the design of these systems so as to compensate 
for nonlinearity in the sweep, as described in Chapter 
9, Fig. 9-102, Be that as it may, the presence of a sweep 
oscillator with such output will materially influence the 
shape of the trace on the screen. This is shown in Fig. 
10-62, Oscillogram (A) is that of a substantially linear 
sweep and (B) is the resultant pattern of a sine wave 
developed with the sawtooth sweep shown. The rea- 
sons for several cycles of the sweep voltage is that it 
was separately photographed from the screen of an- 
other oscilloscope. 


10:42 Dintortion due to a nonlinear sweep, (B) is the 


ine wave produced by the linear sweep (A is the dis- 
torted sine wave produced by the nonlinear sweep (C). 





The change in shape of the same sine wave when 
spread by a time-base voltage corresponding to oscil- 
logram (C) (Fig. 10-62) is shown in oscillogram (D). 
The relatively small linear portion of the wave spreads 
one cycle of the wave fairly well, but after that the 
nonlinear portion crowds the remaining cycles. (This 
was explained graphically in Chapter 9, Figs. 9-18 and 
9-22.) Obviously, distortion of this kind is not con- 
ducive to proper use of equipment. 


Summary oí Wavelorm Display 


So much for the present about the use of oscilloscope 
controls when displaying waveforms. It is not the 


complete story, there being much more to come, but 
for the present it is sufficient to produce the necessary 
familiarity with the fundamental applications. A great 
many more of varied sorts are described in the pages 
which follow ; the sole purpose of the present chapter 
is to indicate the functions of the controls. Many con- 
ditions may arise within an oscilloscope which are not 
bounded by the action of the controls. These will be 
brought to the fore after we have completed the sec- 
tional organizations of the basic oscilloscope and the 
explanation of the factors which govern the suitability 
of an instrument. 


Sine-Wave Time-Base Presentation 


Some applications of the oscilloscope require a sine- 
wave time base in place of the linear sawtooth. The 
examination of resonance curves or response curves 
of many varieties as in a, i-f, and r-f response and 
alignment, falls within this category. The sawtooth 
oscillator has been replaced by the sine-wave source, 
and the synchronizing system is omitted. All of this is 
accomplished by proper manipulation of the different 
selector switches as shown in Fig. 10-63, It may seem 
that the omission of the synchronizing system would 

iterfere with the developinent of an apparently sta- 
tionary pattern on the screen. That is not so when the 
signal under observation (applied to the vertical am- 
plifier) varies at the proper time rate. This rate must 
correspond to either an integral submultiple or a mul- 
tiple of the time-base frequency. 














Fig. 10-63.— Block diagram of the basic oscilloscope arranged 
for 6b-cps sine-wave time-base display. 
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Relative to these operations, some sweep generators 
supply the proper sweep signal, in which event the 
sine-wave sweep in the oscilloscope is not used. This 
is discussed in Chapter 16. The organization of the 
basic oscilloscope for such work is shown in Fig. 10-64. 





Fig. 10-64.— Schematic of the basic oscilloscope arranged for 
(60-cps sine-wave time-base display. 


When the above is true, the pattern on the screen will 
appear stationary, but whether or not it will be inter- 
pretable for the desired information depends in great 
‘measure upon the specific situation, Usually, the design 
of systems which make use of the sine-wave time base 
is such that the amplitude variations of the signal fed 
to the vertical plates takes place at either the same rate 
as the frequency of the sine-wave sweep, or at twice 
that rate, Examples of such systems are fully described 
in Chapter 16. Just so that we may have some idea of 
the nature of traces developed in this manner, a typical 
response curve is shown in Fig. 10-65; this will appear 
on the screen when the vertical-deflection voltage 
varies in amplitude (in accordance with circuit per- 
formance) at a 60-cps rate, and the time base is the 
60-cps sine-wave power-supply voltage. The curve de- 
picts the behavior of a circuit over a range of fre- 
‘quencies, The signal fed into the circuit under test 
originates in a frequency-modulated oscillator, wherein 
the frequency changes at a 60-cps rate. The sine-wave 
time base in the oscilloscope advances the spot hori- 
zontally across the face of the screen in exact synchro- 
nism with the change in frequency in the f-m signal 
source. Since the time rates are fixed by the line fre- 
quency in both devices, the resultant pattern remains 
stationary on the screen. 

It should be understood that the purpose of each of 
the two amplifiers in Fig. 10-64 is to raise the signal 





level to the value necessary for proper deflection and to 
afford control of the level for whatever sized image із 
desired on the screen. 
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FACTORS CONTROLLING APPLICATION 
OF THE BASIC OSCILLOSCOPE 
On several occasions earlier in this chapter, we 
stated that the performance specifications of a device 
determine the utility of the instrument. This is true for 
all kinds of oscilloscopes, not only the basic variety. 
These must be analyzed more completely from two 
viewpoints, the device proper and the systems to which 
the oscilloscope is applied. The two are interrelat 
the performance specifications establish the capabilities 
uf the oscilloscope, but even the best of these does not 
mean that it complies with the requirements, 








Frequency as a Controlling Factor 

Frequency response is the most dominant factor of 
utility. Virtually every section of the oscilloscope is 
beset by some sort of frequency limitation. Some of 
these are more pertinent than others, but all must be 
taken into account. Some of them offer greater latitude 
in application than others and these must be indicated. 
Let us analyze them individually and examine the 
manner in which they exert their control, 


Impedance of Deflection Plate System 

A finite impedance exists between the two plates of 
each deflection system. It represents the capacitance 
between the two plates and the leads which feed the 
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signal from the plate terminals to the plates. As such, 
each deffection system constitutes a frequency-resistive 
load on the circuit across which it is connected. If this 
circuit is the amplifier inside the oscilloscope, the ca- 
pacitance of the deflection system and all of the con- 
necting leads thereto are of little significance, because 
their effect is already taken into account in the pub- 
lished characteristics. But if the deflection systems are 
used with external amplifiers, the deflection plate 
capacitance and the capacitance presented by the cir- 
cuits necessary to connect the amplifier and the deflec- 
tion plates must be taken into account. Of these two 
sources of capacitance, the deflection plates are the 
least important, and may be neglected except at very 
high frequencies. But the capacitance presented by the 
connecting leads cannot be ignored ; it can be sufficient 
to very materially influence the frequency response 
rating of the amplifier, especially at the high end, where 
it will reduce the response substantially, since it be- 
haves like a shunting capacitor, 

‘The temptation is to use a shielded lead to join the 
amplifier output and the deflection system. This is 
satisfactory if the frequency rating of the amplifier is 
predicated on the presence of the shunt capacitance 
presented by the connecting lead; if not, then the 
aforementioned effect will ensue. It is, of course, pos- 
sible that the kind of work being done is such that the 
loss of a portion of the high-frequency response will 
have no ill effects. In this case, the entire matter re- 
quires no thought, but if the full bandwidth of the 
amplifier is required, then the combined capacitance 
of the deflection plates and the connecting leads de- 
serves consideration. 

The smaller the capacitance of these leads, the 
greater is the effect of the deflection plates, as small 
as that capacitance may be. As a rule, the latter is about 
З ш. For the general range of frequencies, this is small 
enough and ineffectual, but when the signal frequencies 
exceed I Me, even this small value of capacitance can 
prove troublesome. 

‘When used with internal amplifiers, the deflection 
systems usually are shunted with fixed resistors of 
from 1.0 to 5.0 megohms, thereby placing the plates 
at substantially the same mean potential as the accel- 
erating anode, and the deflection plate capacitance is 
in shunt with these resistors. When direct connection 
is made to the deflection plates, these shunt resistors 
are out of the circuit, and the input impedance rating. 
stated in the specifications concerns only the deflection 
plates and the internal wiring. 











Low-Frequency Response of Cathode-Ray Tube 

The lower limit of frequency of the signals fed to the 
tube also has a bearing on the operation of the tube, 
The usual oscilloscope tubes use a P-1 screen, which 
has medium persistence, When excited by low-fre- 
quency phenomena, as, for example, between a fraction 
of a cycle and three or four eps, the persistence of the 
screen is too short to permit proper display. The screen 
is excited sufficiently, but the persistence characteris- 
tic of the phosphor results in a very rapid decrease in 
luminosity ; thus the trace appears as an individual spot. 
of light which moves, but does not show the path it 
traveled. No matter how frequently the spot retraces 
its path, it still appears as a single moving spot of light. 

However, low-frequency signals may be displayed 
on a cathode-ray tube which has a long-persistence 
screen, such as the P2 or P-7 variety. The afterglow 
displays the trace after the primary excitation has 
stopped ; the action can then be studied. Thus, the low- 
frequency limitation may be overcome by replacement 
of the regular P-1 tube by one of like physical and 
electrical characteristics, but with a long-persistence 
screen. 


Operation Features of Vertical Amplifiers 

Several prime performance factors may be associ- 
ated with the vertical amplifier in the oscilloscope. For 
the moment, let us view that amplifier as a “black box” 
connected between two points, 4 and B in Fig. 10-66. 
Point A is the origin of the signal voltage to be fed to 
the vertical-deflection system, and B represents the 


vertical-deflection plates. 
See 


As to its function, that is self-evident ; the very name 
igned to the system describes what it does. Essen- 
tially, it amplifies a voltage. Depending upon the spe- 
cific design, the character of the signals which it will 
accept may be of zero frequency (d-c) or high up 
into the megacycle region, Thus, it can be a d-c and a-c 
signal amplifier, or just the latter. Whichever it may 
be, it must bear a figure of merit which expresses the 
amount of amplification that it affords toa signal which 
is fed into its input at A, thereby expressing the level of 
the signal at B. This capability, or performance factor, 
is referred to simply as the gain of the amplifier. 


Fig, 10-66.—Vertical 
amplifier as a black box. 
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Vertical-Amplifier Gain 

While there is no standardization among amplifiers 
relative to gain, the very fact that similar devices are 
intended for similar functions and that they are sold 
at competitive prices establishes the general condition 
of similarity in groups. Such a situation is almost un- 
avoidable, inasmuch as production costs are paralleled 
in the majority of manufacturing organizations. They 
may differ slightly, sufficiently, perhaps, to enable one 
organization to achieve performance factors slightly 
better than another ; but generally it will be found that 
numerous points of similarity exist between the ver- 
tical amplifiers in the oscilloscopes which fall within 
the same utility category and within a certain price 
range. 

Another reason which makes it difficult to assign 
specific values of gain in general terms is that it is very 
closely associated with another performance factor, 
namely, the bandwidth of the amplifier. This is the 
range of frequencies which the amplifier will accept 
and amplify uniformly, Although modern electronic 
design possesses great knowledge, t stil has found no 
way of overcoming the design limitation wherein fre- 
quency bandwidth and gain vary inversely. This stems 
from the fact that both gain and frequency bandwidth 
are limited in cach stage of the amplifier. While it is 
desirable to design a single stage which will afford 
very wide bandwidth, this is limited because of the 
distributed capacitances which are inextricably asso- 
ciated with each vacuum tube, Moreover, the circuit 
wiring also contributes to this effect, and while it can 
be minimized, it cannot be eliminated, so that even 
under the most favorable conditions, limitations exist. 
‘These are prominent at the high end of the frequency 
band, where the reactances of the shunt capacitances 
become small. 

While it may not be evident, every attempt to raise 
the bandwidth reflects severe increases in cost of pro- 
duction ; not only because the design is more critical, 
but also because the construction, too, is much more 
critical. Great care must be taken in such simple details 
as lead dress, begause a change in the location of a wire 
relative to the chassis can cause an increase in the dis- 
tributed capacitance. A change of this kind can ad- 
versely affect the bandwidth and the gain. 

Still, it is necessary to quote average values of gain 
as found in the vertical amplifiers. While these figures 
may not be informative about all the instruments, they 
are useful as examples of what we mean by gain. 

Take as the first example two different models of 
oscilloscopes intended for different applications, yet 





with like frequency bandwidths for the vertical ampli- 
fier, specifically, 100 ke. One of these affords a gain in 
voltage of 55, whereas the other affords one of 200. 
‘This ratio of about 4:1 in voltage gain over the same 
frequency band does not contradict the previous state- 
ments concerning the limiting effects of bandwidth, 
Tt simply means that a greater number of stages are 
used in the amplifier with the higher gain. Using the 
above gain figures as examples shows that it is im- 
possible to arrive at an average gain or an average 
number of stages, unless we restrict the discussion to 
oscilloscopes that are within a certain price class, Then 
and only then is it possible to arrive at compromise 
values, 

As another example, we might select an oscilloscope 
with a top vertical frequency of 2.0 Mc and a vertical 
gain of 250, or another with a top vertical frequency of 
80 Mc anda vertical-amplifier gain of 125. These hap- 
pen to be the products of a single manufacturer, but 
that is immaterial because it illustrates the point just 
as well as if we had chosen the products of different 
manufacturers. 

We have indicated in the past that the vertical gain 
is associated with the deflection sensitivity of the cath- 
ode-ray tube used. Thus, if one tube has a larger screen 
than another, and/or there is a difference deflection 
sensitivity, yet the two oscilloscopes using these tubes 
are intended for similar application (by which we mean 
that like levels of signal voltage may be anticipated at 
the input of the vertical amplifiers), then the gain of 
the vertical amplifier must be greater in one instance 
than in the other, in order to provide like vertically 
dimensioned traces on the screen. 


Required Amplifier Gain 

As to what should be the required gain for an appli- 
cation, that depends upon the values of voltage which 
may be expected from the sources under investigation 
and the amount of input voltage (at point A in Fi 
10-66) so as to provide at least 2-inch peak-to-peak 
signal on the screen, The usual statement of the gain 
capabilities of the vertical amplifier is in the form of an 
ac input voltage in rms values per inch of deflection, 
ince an a-c voltage deflects the beam in both direc- 
tions, the reference to the linear dimension of the trace 
means a peak-to-peak dimension. 

This is illustrated in Fig. 10-67. The sine wave is 
shown as having an rms value of 0.8 volt. When such 
a value of voltage is identified as affording a l-inch 
trace on the screen (without any horizontal displace- 
ment), the trace is a vertical line, 1 inch in height, as 
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shown in the figure. Since the rms value is equal to 
0.707 of the peak value on each alternation, any ref- 
erence to an rms value automatically indicates a peak 
value equal to 1.414 rms, so that in the example chosen, 
the L-inch trace equals a peak voltage of 0.8 X 1.414, or 
1.13 volts on each alternation. Since the cathode-ray 
tube displays both alternations, the peak-to-peak value 
for a sine wave will be equal to twice the peak value of 
each alternation, which in the example chosen is 2 X 
1.13 or 226 volts, 

1t has become standard practice to designate sensi- 
tivity of the complete vertical-deflection system in 
terms of the I-inch over-all deflection, but, as pre- 
viously mentioned, a deflection of such dimensions is 
too small for satisfactory observation ; at least 2 inches 
are needed. This means that the sensitivity rating of 
the vertical system should be multiplied by two in 
order to establish whether or not the gain of the ver- 
tical amplifier is ample for the work to be done. This 
is not a firm rule, but it is our suggestion in the at- 
tempt to assure most convenient use of the oscilloscope. 
For example, if the lowest voltage from the source 
under investigation is 0.8 volt rms, according to our 
suggestion, the amplifier rated at 0.8 volt rms per inch 
would riot be too satisfactory ; for a 2-inch trace, that 
amplifier would demand an input voltage of 1.6 volts 
rms. The amplifier system which would afford a 2-inch 
trace with an input voltage of 0.8 volt rms would be 
one rated at 0.4 volt rms per inch. From our point of 
view, the ideal amplifier is one which affords a sensi- 
tivity numerically equal to one-half of a reasonable 
value of voltage available from the source under in- 

‘Another reason which underlies our suggestion is 
that if the gain in the amplifier is greater than the mini- 
mum desired for operation, it is possible to reduce the 
gain, and in that way decrease the effect of undesired 
hum signals which may be present in the system being 
checked. Discounting for the moment the possible ef- 
fects of attenuator adjustment, it always is advanta- 
geous to use less than the maximum available gain in 
ап amplifier. A much cleaner trace usually results. 












There is, of course, another side to the matter of 
high amplifier sensitivity. The more sensitive an am- 
plifer, or the more gain that an amplifier provides, the 
more critical are the conditions of use. Such an ampli- 
fier will be more prone to pick up extraneous signals ; 
its input will be more sensitive to improper grounding 
or shielding, to noise pickup, and to external fields. 
Under proper conditions of use, such pickup seldom is 
a problem, but under improper or careless conditions 
of use, the trace on the screen can be very greatly af- 
fected. This is why one oscilloscope may not show 
traces of undesired signals, whereas another with much 
greater sensitivity and used in the same place under 
identical conditions will indicate the presence of these 
fields. 

In the case of amplifiers which have a frequency 
range extending down to zero, the conditions de- 
scribed above still apply. The fact that the amplifier 
response includes d.c. as well as a.c does not necessarily 
increase the sensitivity of the device because the fixed 
relationship between d-c and a-c voltage relative to 
the dimensions of the deflection remains unchanged. 
Refer to Fig. 10-67 once again. The peak voltage in 
one direction corresponds to a unidirectional d-c volt- 
age of like amount. The peak-to-peak a-c voltage cor- 
responds to an equal value of d-c voltage with the spot 
displacement calculated from one extreme of the a-c 
trace to the other, regardless of the frequency rating of. 
the amplifier which passes the signal. 

‘Summarizing the matter of vertical-amplifier gain, 
it really is not the complicated problem which may be 
the impression gained from this discussion, Admit- 
tedly, one must know the intended application of the 
device, especially the input signal voltages which may 
be encountered. Vertical-amplifier sensitivities be- 
tween 0.05 and 0.5 volt rms per inch will be found 
satisfactory in most servicing applications. If the gain 
is higher, so much the better. However, the fact of 
cost cannot be denied; in this connection, a word of 
caution is in order. In the long run, the best turns out 
to be the cheapest; always buy the best that you can 
afford. 
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Frequency Requirements of Vertical Amplifiers 

The second important capability of the “black box” 
in Fig. 10-66 is the frequency over which the ampli- 
fier will operate, Although not generally identified as 
such, every amplifier is, in a way, a filter system, be- 
cause it will neither pass all frequencies, nor will it 
amplify equally those frequencies which it will pass. 
The pass-band of the vertical amplifier in an oscillo- 
scope has a great bearing on the utility of the device. 
This is true, regardless of voltage waveshapes which 
will be fed into the amplifier, but most significantly 
relative to nonsinusoidal waves, the investigation of 
which is today one of the paramount fields of utility 
of the oscilloscope. 

Equipment cost is very closely tied to bandwidth ; 
the higher the bandwidth, usually the greater will be 
the cost of the device. One of the very significant. 
changes which has taken place in the design of cathode- 
ray oscilloscopes during the past fifteen years has been 
a gradual increase in the bandwidth of the amplifiers. 
їп the device, especially the vertical amplifier. The 
need for this improvement originates in the waveforms 
which have become standard in many kinds of equip- 
ment, We are speaking about square, sawtooth, tri- 
angular waves, etc., or combinations thereof. Many 
modern devices and systems make use of such wave- 
forms for operation or testing. 





Importance of Harmonics 


The amplification of a sine wave involves only one 
frequency at a time, and the frequency limits of an 
amplifier are dictated simply by the range of individual 
frequencies which are to be raised in level. It is not 
so when working with nonsinusoidal waves. The re- 
lationship between the fundamental frequency of a 
square wave, for example, and the frequency range 
of an amplifier is of some importance; of very much 
greater import, however, is the frequency range of the 
harmonics of that fundamental and the pass-band of 
the amplifier. In other words, an amplifier capable of 
amplifying all frequencies between, for example, 10 
cps and 10 Mc within 3 db, could be used for the 
amplification of sine waves substantially beyond this 
frequency band, but it would not be suitable for the 
amplification of square waves having fundamental fre- 
quencies above about 100,000 eps. 

The importance of the frequency response in the 
amplification of nonsinusoidal wave lies in the ability 
of the amplifier to uniformly amplify the harmonics as 
well as the fundamental, in that way affording good 


fidelity of signal reproduction. Then, for oscilloscope 
amplifiers, what shall be considered the required fre- 
quency range? Unfortunately, the answer is not as 
simple as the question. We know that the ideal condi- 
tion never can be satisfied, because the ideal square 
wave, triangular wave, or sawtooth wave requires the 
presence of an infinite number of harmonics. This is 
not attainable because it would require an amplifier 
‘with infinite bandwidth, So a compromise is forced on 
‘everyone and it then becomes either a matter of indi- 
vidual preference, or the fulfillment of accepted spe- 
cific standards as to what shall be considered good 
quality of reproduction. 

Different applications or measurements dictate dif- 
ferent conditions. An order of quality acceptable for 
‘one application is not necessarily equally acceptable in 
another case. This is why it is possible to generalize, 
bat not to set definite minimum requirements. There is 
no agreement among engineers as to the requirements, 
although there is general concurrence concerning a 
range of the minimum number of harmonics which 
should be present for a reasonable quality of repro- 
duction of a nonsinusoidal wave, The absence of suf- 
ficient harmonics, nonuniform amplification of the har- 
phase of the fre- 
‘amplification can 
produce a very badly distorted reproduction of the 
input signal. This may be sufficient to destroy the util- 
ity of the device as a tool for study and comparison. 

1t would do no harm at this time to devote some at- 
tention to the composition of the varieties of non- 
sinusoidal waves previously mentioned. These are but. 
a few of the great many which can be illustrated, but 
they will serve their purpose because they will convey 
the impression so necessary for the understanding of 
what will follow. 





Composition of a Square Wave 

In Fig. 10-68 is shown a conventional square wave, 
with like positive and negative alternations. The letter 
E designates the amplitude of the wave. The wave 
shown is ideal, which means that the rise from zero to 
the maximum amplitude takes place in zero time. Prac- 


10-68.— Conven- 
‘square wave. 
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tically speaking, this is impossible. In such a wave, the 
corners are perfectly square and the constant ampli- 
tude of the positive alternation and the negative alter- 
nation is shown by a perfectly straight line. Whatever 
the value of E, the voltage rises instantaneously to 
maximum, remains there for a while, and then falls in 
a straight line through zero to the maximum amplitude 
in the negative direction. This may be restated as say- 
ing that both the rise time and decay time are zero. 

The period in which a cycle of amplitude change 
takes place is T,, expressed in seconds; the reciprocal 
of this time, or 1/T corresponds to the fundamental 
frequency of the wave in cycles. If, for example, T is 
0.0001 second, the fundamental frequency of this wave 
is 10.0001 or 10,000 cps. 

The means of developing a square wave are numer- 
ous. It may be the simple expedient of controlling a 
d-c source, it may be the clipped output of a multi- 
vibrator, or it may be the process of successively am- 
plifying and clipping a simple sine wave. While the 
fundamental frequency of such waves may be obvious 
because of the apparent association with time, the 
frequency requirements for proper reproduction are 
more obscure, The fact that a square wave, or any non- 
sinusoidal wave, may be resolved into a number of har- 
monically related sine waves, each of a certain ampi 
tude and relative phase to form a square wave or some 
other nonsinusoidal wave, is a mathematical approach. 
This is the Fourier analysis whereby a wave is broken 
down into its components. 

Let us select as our example a sine wave of 1,000 
ps, shown in Fig. 10-69A. The choice of frequency is 
arbitrary ; what will be said and shown applies to any 
frequency one may choose. We shall assume that the 
amplitude of this wave, which is the fundamental fre- 
quency, is unity. The starting point of the wave is at 
the time axis and it advances in the positive direction. 
We mention this because there is another starting point 
which is used in the usual mathematical equation for a 
square wave. This point is 90° later, at the point indi- 
cated by the projection from the time base. 

We will now add a third harmonic f3 in phase with 
the fundamental fI and with an amplitude equal to 
one-third of the fundamental. This is shown in Fig. 
10-69B ; the fundamental and the third harmonic are 
illustrated by the light lines, and the resultant by the 
heavy line. The ideal square wave is shown by the 
dotted lines. Several pertinent details warrant men- 
tion. A comparison of the sides of the resultant wave 
composed of f1 and f3, and just the fundamental f1, dis- 
closes that adding the third harmonic very materially 
steepens the sides of the wave. A second effect 


















‘modification of the top of the wave on the positive and 
the negative alternations. The area included by each 
alternation has been increased and the period repre- 
senting maximum amplitude has been lengthened. 

Let us add the fifth harmonic {5 to the resultant of 
the fundamental and the third harmonic. This is done 
in Fig. 10-69C;; the added harmonic amplitude 
equal to one-fifth of, and is in phase with, the funda- 
mental, The result is shown by the heavy-line curve and 
a comparison with the dotted-line square wave illus- 
trates the closer approach to the desired ideal. The 
sides of the wave have been made steeper and while 
the number of ripples on top have been increased, the 
area included by each alternation also has been in- 
creased and the maximum amplitude condition pre- 
vails for a longer time ; the top is flatter than before. 

The addition of the seventh harmonic f7, equal to 
one-seventh the amplitude of, and in phase with, the 
fundamental is shown in Fig. 10-69D. An improved 
wave with steeper sides and flatter top is the result. 
We need not picture any more harmonics because 
what we have shown is ample to develop the proper 
line of thought. 1t is clearly evident that just as the 
addition of three consecutive odd harmonics to the 
fundamental transformed the simple sine wave into 
an approximation of a square wave, the further addi- 
tion of a sufficient number of odd harmonics would 
cause very steep sides and a flat top. 

Note that as the number of harmonics added to the 
fundamental increases, the magnitude of the ampli 
tude variations at the top of the wave decreases, With 
а sufficient number of odd harmonics present, the 
ripples would approach an infinite number and form 
a straight line. Two other very significant details can 
be seen from Fig. 10-69, namely, that as the wave 
contains more harmonics, the junction of the sides 
and the imaginary axis approaches a right angle; also 
that as the harmonics in the wave are increased in 
number, the curvature oí the sides of the wave at top 
becomes smaller, ultimately forming a right angle when 
the number of harmonics contained in the wave is in- 
finite. From the practical viewpoint, these ideal con- 
ditions are reached much sooner; that is, as far as 
the eye can see, and equipment can perform, a good 
square wave is reached with relatively few harmonics. 

Two other details deserve attention. One of these 
is the phase relation between the component fre- 
quencies; the other is the fixed amplitude relationship. 
Although the square wave of Fig. 10-69D is only an 
approach to a square wave, it nevertheless enables us 
to reach some conclusions. The phase is a fixed quan- 
tity based upon the mathematical analysis of such a 
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wave. In the example chosen, we used in-phase sine- 
wave voltages, Exactly the same result will be obtained 
by the use of cosine waves, the point of origin of each 
‘component being 90° later. If you examine Fig. 10-69B, 
C, and D, and assume the starting point of each com- 
ponent as being located at 90°, as illustrated in Fig. 
10-69A, it will be evident that the harmonics will alter- 
nately start in phase and 180° out of phase with the 
fundamental. 





These references to phase lead to a very important 
conclusion. In our example, we showed the component 
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Fig. 10-89.— Compouition of a square wave from its sinusoidal components. 


phase conditions for the development of a square wave. 
In practice we are interested in the reproduction of a 
square wave which is fed into a circuit. Since a certain 
phase condition between the components is assumed 
to exist in the input voltage, it is imperative for proper 
reproduction that the some phase condition between 
components exist in the output voltage. This is the 
responsibility of the amplifier which is a part of the 
reproduction system ; while it is amplifying the com- 
ponents of the wave, it must retain the phase relation- 
ship as well. A change in phase of a component or a 
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group of components will very materially change the 
output waveshape. As you will see later, this is a mat- 
ter of amplifier design, and also a matter of evaluating 
the constants of the amplifier which is used to amplify 
such waves. 


Effect of Phase and Amplitude Changes 


Fig. 10-70 shows oscillograms of the progressive 
stages of development of the square wave, which was 
illustrated graphically in Fig. 10-69. These were syn- 
thesized with the equipment used for the development 
of the waves shown in Chapter 20. Admittedly, the final 
wave does not have the shape which we would call 
even remotely acceptable as a square wave, but it nev- 
ertheless can be used for illustrative purposes and as 
a means of leading to certain conclusions. Since the 
first three odd harmonics have such a great effect, we 
can project actions associated with variations of these 
components into what may be expected under operat- 
ing conditions when many more components are 
present in the wave. 





Fig. 10-70.—Oscillograms corresponding to the stages in the. 
Brie cei mat 





Fig. 10-71—(A) shows the effect of changing the relative 
phase of the fundamental of Fig, 10-70(D), (B) shows the 
effect on the final square wave, (C) shows the effect of decreas- 
ing the amplitude of the fundamental of Fig. 10-70(D), and 
(D) shows the effect on the final square wave 


Fig. 10-71 shows the effects of a change in phase and 
a change in amplitude of the components, Curve (А) 
of Fig. 10-71 illustrates the effect of change (increase) 
in phase of the lowest component or the fundamental 
frequency. Although in the example cited, we have 
altered just one of the cumponent frequencies, in actual 
practice, a similar change may take place to a varying 
degree upon a group of the lower-frequency compo- 
nents. The final result will be curve (B) of Fig. 10-71, 
although it may be much more aggravated than what 
we illustrate. A “tilt” has been created in the wave, and 
it often is expressed in an angular deviation from the 
ideal flat top of, for example, 8°, 10°, etc. 

Such a situation is associated with the low-frequency 
behavior of an amplifier. Although most comments are 
made to direct thinking toward the higher frequencies, 
the lower frequencies are also important because they 
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have tremendous effect on the range of fundamental 
frequencies which may be accommodated by an ampli- 
fier. Many amplifiers may afford the necessary high- 
frequency response to reproduce a square wave 
properly, provided that the fundamental frequency is 
not too low. If the fundamental frequency of the con- 
templated nonsinusoidal wave input signal is too low 
with respect to the pass-band of the amplifier, exces- 
sive phase shift or delay at the low frequencies will 
prevent the proper reproduction of the wave at the 
output of the amplifier, despite the fact that all of the 
required high frequencies are present in proper ampli- 
tude and phase. 

Curve (C) of Fig. 10-71 shows the effect of a change 
in the amplitude of the fundamental frequency, that is, 
a reduction from the 100 per cent level which estab- 
lishes the relative amplitude of the components. Of 
course, the converse of this would have the same effect, 
namely, excessive amplification of the higher-fre- 
quency components, Since it was easier to show the 
effect in terms of the lower frequency, it was used. 
he final result as it would appear if a group of the 
Tower frequencies were attenuated, or a group of the 
higher-frequency components were accentuated, is 
shown in Fig. 10-71D. 

Expressed mathematically, the equation for the 
square wave as developed in Fig. 10-69 is 


“ef sin ot + sin dut + sin Sut +... 
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sin Qn 1]. (10-1) 





However, the conventional mathematical analysis is 
based on the origin as shown in Fig. 10-68, which cor- 
responds to the 90° point of Fig. 10-69A. Therefore, 
the wsual form of the equation is 
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In either expression only odd harmonics appear, 
which is the basic frequency condition not only for a 
square wave, but also for every wave which is sym- 
metrical about the time axis. Symmetry means that the 
positive alternation and the negative alternation are 
alike to the extent that if the former is “flopped” over 
o that itis beneath the time baseline, it will be exactly 
the same as the negative alternation. The square wave 
and the triangular wave are examples of this. 


(10-2) 


Order Versus Number of Harmonics 


It might he well to comment briefly about the differ- 
ence between the presence of a certain number of odd 
harmonics and the significance of a certain order of the 
harmonic. Reference to three odd harmonics means 
the first three consecutive odd harmonics after the 
fundamental, or f3, f5, and {7 ; the numbers indicate 
the order of the harmonic. Thus the third odd har- 
monic is actually f7. equal to the seventh harmonic of 
the fundamental, 

By examining equation (10-1) and the contents of 
Fig. 10-69, certain pertinent relationships become evi- 
dent. While it is true that the first few odd harmonics 
contribute most to the squaring process, the higher 
harmonics cannot be ignored. The equation indicates 
that the amplitude of each component decreases in- 
versely with the order of the harmonic. The frequency 
fa of any order odd harmonic can be obtained from the 
equation 





f= (2n + ft (10-3) 
where J1 i» the fundamental frequency and n is the. 
order of the odd harmonic, Thus, the fiftieth odd har- 
monic of a 5/X0-cps square wave is 

150 = (100 + 1) 5,000 = 505,000 eps. 

This corresponds to the 101st harmonic of the 5,000- 
cps fundamental. Its amplitude, according to the equa- 
tion for the square wave, is 1/101 or 0.99 per cent of 
the amplitude of the fundamental. This may not seem 
much, especially in view of the relatively high ampli- 
tudes of the first ten or fifteen odd harmonics, yet 
it cannot be neglected completely. 

In the case of a wave containing only even har- 
monics, the equation for the numerical value of even 
harmonic fa, relative to the fundamental, is expressed 
by 

f= 2nj1 (10-4) 
where fl is the fundamental and n is the order of the 
even harmonic. Thus if a wave contains 40 even har- 
monics, and the fundamental is 5,000 cps, the highest 
harmonic would be 

440 =2 x 40 x 5,000 = 400,000 cps. 


The Importance of the Harmonics 
In Square-Wave Reproduction 

The importance of a harmonic decreases with its 
order, but this does not imply that the addition of rela- 
tively few odd harmonics to a fundamental will produce 
an acceptable version of a square wave. In this respect, 
engineering practice has not yet decided upon what 
shall be the minimum harmonic content in a wave for 
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Fig. 10-72,—Square waves of different harmonic compositions; (A) is ideal, (B) contains 10 odd harmonics, (C) contains 25 
‘dd harmonies, (1D) contains 100 odd harmonics, (E) contains 165 odd harmonics, and (F) contains 500 odd harmonics, 


the resultant to be an acceptable square wave. It is still 
a matter of preference and tolerable distortion, 

However, some limit must be set, and while what 
we say may reflect general thinking, our comment is 
based on the broad aspects of the subject as related to 
maintenance activity. It is unfortunate, but it is never- 
theless impossible to set clean-cut boundaries. For 
certain kinds of work, as few as ten odd harmonics of 
the fundamental will suffice, which means a frequency 
as low as twenty-one times the fundamental. Such a 
frequency range will result in rounded corners of the 
reproduced wave, but there will be enough of the fiat 
measurement of amplitude and for general observation 
and analysis. This is commonplace in television 
servicing! 

General television servicing, especially the usual 
testing of the pulse circuits in a television receiver, does 
not require more than ten odd harmonics in order to 
produce an acceptable representation of the waves 
found in the syne and sweep circuits. Admittedly there 
isa difference of opinion on this point ; we are express- 
ing our view. This does not mean that any system 
which affords such waveforms is suitable for the de- 
termination of every condition. A limitation in band- 
width is a limiting factor in application. Therefore if 
one desires more than the simplest in facility, then at 
least 40 odd harmonics of the fundamental should be 
within the amplifier pass-band. 

‘The low-frequency response is also of importance in 
square-wave reproduction. A rule of thumb is that the 














lowest frequency square wave which will be satisfac- 
torily passed by an amplifier is approximately ten times. 
the low-frequency cutoff of the amplifier, Cutoff is 


defined as being 3 db below the flat portion of the 





response curve, 

It is easy to see that if the desired condition is the 
presence of 10 odd harmonics, a 15,000-cps funda- 
mental square wave requires a bandpass of 315,000 
eps. The same bandpass would accommodate only 
about 5 odd harmonics of a 30,000-cps square wave, 
so that it becomes a matter of understanding the cap: 
bilities of the equipment. However, each individual or 
each application must determine what is considered an 
acceptable square wave after reproduction. 

As a possible guide to thinking, concerning the 
composition of a reproduced square wave and the 
bandwidth of the amplifier, we show a series of oscil- 
lograms in Fig. 10-72. Curve (A) illustrates the shape 
of a 5,000-cps square wave when fed directly into the 
vertical-deflection plates of an oscilloscope. This is the 
standard wave for comparison ; the period of the rise 
time is extremely small in proportion to the duration 
of the half-cycle. The remaining illustrations show the 
reproduction when (B) 10 odd harmonics are present, 
(C) 25 odd harmonics are present, (D) 100 odd har- 
monics are present, (E) 165 odd harmonics are pres- 
sent, and (F) 500 odd harmonics are present. In cal- 
culating the number of odd harmonics embraced by 
the amplifier pass-band, the upper-frequency limit was 
that frequency which was down not more than 3 db. 
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It should, of course, be realized that the pass-band has 
a top frequency equal to (2n + 1)f1, as previously 
shown in equation (10-3). 

There is no doubt about an improvement in the 
waveshape as the result of adding higher-order har- 
monics, but there is doubt whether the added cost rep- 
presented by the far more expensive design of the 
vertical amplifier is warranted; that is, determined by 
the utility of the information gathered from the oscil- 
loscope screen. For ordinary amplitude measurements, 
the trace (B) in Fig. 10-72 is just as useful as the 
trace (F). These illustration show very clearly that 
the presence of the higher harmonics, with substan- 
tially uniform amplification, means faster rise times 
and sharper corners, 


Pulse Duration and Rise Time 

Although this text is not intended as an exposition 
of wave analysis, it is, nevertheless, necessary to men- 
tion another approach to the matter of the harmonic 
content of nonsinusoidal waves. The need for this is. 
brought about by the apparent stress on the funda- 
mental frequency of a square wave being the basis of 
determining the required pass-band of an amplifier 
which will pass such a wave. In instances when the 
square wave is symmetrical (i.e, equal positive and 
negative half-cycles), asin Fig. 10-73A whered  T/2, 
the fundamental frequency may be used as the basis 
of determining the required frequency response. 


‘ 

++ Fig, 10.73 — (А) ва 

т typical square wave; (B) 
isan 


DJ 
] gular wave. 


The asymmettical rectangular wave of Fig. 10-73B 
introduces a new aspect. The rectangular pulses are of 
short duration d relative to the period T, and the rise. 
time of the pulse is assumed to be small in comparison 
to the pulse duration. However, while 1/T is the fun- 
damental frequency of the wave and the repetition 
frequency of the pulse, the determination of amplifier 
frequency response using the fundamental frequency 
as the basis would not be productive of a good version 
of the pulse. 


Ii we assume that each pulse has a duration d of 5 
microseconds, and T equals 1 millisecond, the funda- 
mental (pulse repetition) frequency f is 1,000 cps. 
Based on the previous analysis, an over-all bandwidth 
which would accommodate 25 odd harmonics would be 
(50 + 1) х [1, or 51,000 cps. Without going into the 
reasons why, such a bandpass would be totally in- 
adequate for this waveform ; this leads to the use of the 
pulse duration as the means of determining the de- 
termining the required pass-band. In this connection 
two approaches are used. The reason for there being 
two bases of calculating the bandwidth is another 
example of complete agreement on what represents an. 
adequate reproduction of a square wave. One approach. 
is the use of the equation. 

1 


fa = (10-5) 





where fau, is the required upper limit of amplifier re- 
sponse in cycles, and d is the pulse duration in seconds. 
For the waveform of Fig. 10-73B, this would mean a 
top frequency of 1/(5 X 107*) or 200,000 cps. 

‘The other appruach visualizes the required upper 
frequency in terms of the rise time of the pulse. In Fig. 
10-738, the rise timc was considered small relative to 
the pulse duration. However, it was not taken into 
account on the supposition that, if the pass-band were 
adequate to permit the wave to rise to its full amplitude, 
the increased steepness of the sides which would result 
from increased bandwidth would not add to the utility 
of the pulse. 

In view of the possible differences which may be 
introduced in the shape of this pulse by differences in 
rise time, it stands to reason that the rise-time consid- 
eration is the more important one if the shape of the 
pulse is the cardinal condition, It is only natural that 
the rise time be given consideration since zero rise time 
is an immpossibility, and the shorter the pulse, the 
shorter must be the rise time if the pulse is to be an 
approximation of a rectangular shape. Fig. 10.74 








Fig. 10774, — Enlarged 
version of 
Tode d Fig 109308). 





shows an enlarged and exaggerated version of the 
pulse of Fig. 10-73B, so as to illustrate the meaning 
of the rise time. In conformity with standard practice, 
the rise time is the period between 10 and 90 per cent 
of the maximum amplitude. This period is assumed 
to be I microsecond. 
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One ‘school of thought establishes the required 
upper limit of the amplifier, in cycles, by using the 
equation 


(10-6) 





where t, equals the rise time in seconds. For the pulse 
illustrated, the amplifier top frequency would be 
1/(1 x 10-8), or 1 Mc. Other authorities feel that an 
acceptable reproduction of the wave can be accom- 
plished if the upper frequency is determined by making 
the numerator in the above equation equal to a value 
between 0.35 and 0.5, instead of 1.0. In the example 
cited, this means top frequencies of from 350,000 to 
in either case it is less than the 1-Mc 
would afford a much steeper wave- 
front in the reproduced wave. Here is an example of 
great variance in bandwidth requirements in accord- 
ance with whatever is the school of thought on the 
subject and the desired accuracy of reproduction. 
Above all, it is an example of the use of factors other 
than the fundamental frequency as a means of deter- 
mining the top frequency to be uniformly amplified. 











Bandwidth in Television Oscilloscopes 

In this connection, the requirements of oscilloscopes 
to be used for television servicing have been a subject. 
‘of much discussion, because of the duration and rise 
time of the pulses that are examined during television 
receiver servicing. The usual rise time approximates 
0.25 microsecond and the pulses may be as short as $ 
microseconds. If the frequency needs of the shortest 
pulse duration are met, the required conditions for the 
longest pulse will be satisfied. If the frequency needs 
of the fastest rise time are met, the requirements for 
the longest rise time will be met. 

Utilizing the approach of both pulse duration and 
pulse rise time results in amplifier response character- 
istics between a minimum of 1 Mc and a maximum of 
4 Mc. From the viewpoint of the servicing industry, 
less than even the lower of these two bandwidths af- 
fords a satisfactory means of investigating the signals 
present in receivers. It has been found that a pass-band 
of 300 kc is adequate! Naturally, the lower-frequency 
response vill introduce greater slope in the sides of the. 
pulse and an increased rounding of the corners. Al- 
though such effects on the pattern appear to lower the 
utility of the low bandwidth amplifier, the fact remains 
that an oscilloscope with such an amplifier is usable for 
observation of even the short equalizing pulses as a 
part of maintenance operations. Of course, greater 
‘bandwidths afford a better trace and improve the shape 











of the pulses. So, again it is a matter of individual 
preference, and need versus cost. What is missing to- 
day is a definition of an acceptable reproduction of the 
square wave and its frequency composition. 


‘Composition of a Sawtooth Wave 


The use of the sawtooth wave is common in many 
applications which involve the cathode-ray tube. Con- 
sequently, its influence on the frequency response of 
the amplifiers which may be called on to amplify it is 
important. One would expect that only the horizontal 
amplifier should be a part of the discussion concerning 
sawtooth waves, because this time-base voltage is fed 
to the deflection system via the horizontal amplifier. 
However, the requirements are much broader because 
waves of this type may be fed to the vertical amplifier 
during the investigation of the output of one sweep 
‘system by means of another oscilloscope. It so happens 
that if the band-pass requirements of the amplifier are 
based on square-wave needs, they will adequately ful- 
fill the needs of any other waveshape. However, as we 
mentioned on numerous occasions, increased cost is 
always a limiting influence. Therefore, every effort is 
made to keep costs down by reducing the pass-band. 
usually the case in the horizontal amplifier of 
the average oscilloscope. Since its primary function is 
to channel the time-base voltages, and since it is cus- 
tomary to show more than a single cycle of the signal 
under investigation, the frequency range of the time- 
base signal source is always less than the highest fre- 
quency which may be fed through the vertical ampli- 
fiers. If we add to this the reduced frequency needs of 
an amplifier which will reproduce sawtooth-shaped 
waves, we can understand why the bandwidth of the 
horizontal amplifier is usually much less than that of 
the vertical amplifier. 

The mathematical equation for a sawtooth wave ap- 
pears in two forms; one applied to the ideal wave 
shown in Fig. 10-75A, and one to the practical case 
shown in Fig. 10-75B. The fundamental difference lies 
in the time of the sudden fall from one extreme level to 
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the other or b-c in curve (B). In practice this corre- 
sponds to the retrace time, or the time required for the 
beam to return from one end of its excursion to the 
beginning of the next trip across the screen. 

The ideal sawtooth wave shown as (A) in Fig. 10-75 
displays a zero time change between the peak and zero 
amplitudes, which is a condition unobtainable in prac- 
tice. Under such theoretical circumstances, the useful 
portion of the wave is that shown between a and 6, 
which corresponds to the period of one cycle of the 
wave. But, as we mentioned, the ideal cannot be 
achieved and we must accept a compromise wherein 
the retrace period involves a finite amount of time. This 
the interval between b and c in wave (B). Although 
these voltage changes are nonuseful portions of the 
wave, they remain nevertheless parts of the cycle with 
T still the period of the wave. 





Frequency Bandwidth for Sawtooth Waves 


Let us examine briefly the composition of a saw- 
tooth wave. This is shown in several steps from (A) 
through (G) in Fig. 10-76. These are predicated on 
the equation which assumes a flyback time equal to 
zero, the idealized condition, and is expressed as 
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‘The equation discloses a number of conditions. First, 
the wave contains both odd and even harmonics, in con- 
trast to the wave symmetrical about the Z-axis which 
contains only odd components. Second, the amplitudes 
of these components vary inversely with the order of 
the harmonic, Third, the signs of the components al- 
ternate with the origin as the reference point. Never- 
theless, like the square wave, the composition of a saw- 
tooth involves a definite arrangement of components. 
M you examine the transformation of the sine wave as 
the harmonic components are added, the higher the 
number of harmonics contained in the wave, the 
steeper isthe retrace portion and the less the period of 
this part of the wave. Also, as the number of compo- 
ments is increased, the useful portion of the wave ap- 
proaches a straight line; the amplitude of the ripples 
becomes smaller, although the number of ripples in- 
creases. 

The conditions associated with the number of com- 
ponents applies equally well to the nonideal sawtooth 
wave, which is expressed mathematically by 








5 SEPP sin wt + SP sin 2ut + 
sin Sot... + SREP sin mot ] (10-8) 


where $ is the portion of the cycle occupied by the 
linear rising portion of the wave. A significant differ- 
cence is to be noted in how the magnitude of the com- 
ponents varies with the order. There is no simple ex- 
pression for the manner in which the amplitudes of the 
harmonics decrease, since this depends on the value of 
р. For values of approximately 0.8 or 0.9 (10 to 20 per 
cent retrace), those components greater than about the 
fifth harmonic decrease much more rapidly than those 
for the ideal sawtooth, This is a very significant detail 
for the simple reason that it very greatly reduces the 
importance of the higher-order harmonics. In the 
idealized case, the eighth harmonic has an amplitude 
equal to 12.5 per cent of the fundamental, whereas in 
the practical case (p — 05), this amplitude is equal to 
about 3 per cent of the fundamental, The higher har- 
monies decrease even more rapidly. 

The rapid decrease in importance of the higher order 
of harmonics has a major effect upon the frequency 
requirements of the amplifiers which channel such sig- 
nals to the cathode-ray tube. It has been found that 
substantially uniform amplification over a range of 
frequencies with an upper limit equal to about 10 times. 
the fundamental frequency of the sawtooth voltage is 
ample for the accomplishment of a reasonable and ac- 
ceptable version of the sawtooth voltage fed into the 
amplifier. As in the case of the square-wave response, 
the greater the bandwidth of the amplifier, the more 
truthful the presentation, since it affords a greater 
number of harmonics in the reproduced wave. From 
the economical standpoint, a minimum of even seven 
harmonics is acceptable although at least ten should 
be present if the top frequency of a sawtooth voltage 
source is 30,000 eps, the amplifier which will channel 
this signal to the cathode-ray tube might well have uni- 
form gain up to 300,000 cps. If the response is higher, 
so much the better; in the usual run of devices, it is 
definitely lower. 

So far we have discussed two types of nonsinusoidal 
waves, the square wave and the sawtooth wave. By no 
means are these two types representative of the wide 
variety which may be experienced in practice. One of 
them, the square wave with its modification into a rec- 
tangular pulse is, however, representative of the most 
severe conditions which may be encountered. All 
others can be viewed as imposing simpler needs on the 
bandwidth of the amplifier. So, using the square or rec- 
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tangular pulse as the basis, we can summarize by say- 
ing that the steeper the wavefront, or the shorter the 
rise time, the greater is the required related amplifier 
pass-band. Where a resultant wave is the combination 
of two or more varieties of waves and one of these has 
a very steep wavefront, itis the portion of the resultant 
wave with the steep wavefront which dictates the fre- 
quency needs. 


Phase or Time Delay in Amplisiers 

We have shown that the nonsinusoidal wave is made 
up of a number of components of certain frequencies, 
each with a specific amplitude relative to the funda- 
mental and each with a certain phase relationship to 
the fundamental. 

In order that the amplified output be like the input 
wave, it is necessary that the amplitude and phase rela- 
tionships between components be retained. This calls 
for specific performance characteristics on the part of 
the amplifier, especially those relating to phase shift or 
time delay. Ideally, the time delay of the different fre- 
quencies passed through the amplifier should be pro- 
portional to the frequency. The following will help 
make this point clear. 

Phase delay or phase shift is the same as time delay. 
For example, if the frequency is 1,000 eps, 1 cycle or 
360 electrical degrees requires an elapsed time of 
How or 0.001 second. If we say that the relative phase 
of this signal at one instant is 15° leading, this may be 
expressed in time as being "eo or Ye of a cycle or 
Жа х 0.001 = 00000416 second or 41.6 microseconds. 
Naturally the elapsed time per degree differs with fre- 
‘quency so that the same condition at 100 cps would be 
the equivalent of 0.000416 second or 416 microseconds. 

Relative to linear time delay or phase shift in an am- 
plifier, the following illustrates how this condition is 
applied to the components of a complex wave and 
shows what is meant by phase shift proportional to 
frequency. Suppose that we are concerned with a wave 
which has a fundamental frequency of 1,000 cps and 
contains a secand, a third, and a fourth harmonic. Rela- 
tive amplitudes of the fundamental and its components 
will be disregarded, it being assumed that proper am- 
plitude relationships will be maintained. Suppose fur- 
ther that at the instant of reference the fundamental 
frequency has a relative phase of 90° leading. This 
exists at the input of the amplifier and corresponds to 
a phase condition of *ee X 0.001 or 0.00025 second. 
If the second harmonic is delayed proportionally to its 
frequency, it would be delayed by 2 X 90° or 180°, so 
that the time delay is expressible as 1%e0 x 0,0005 




















000025 second (the nuntber 0.0005 is the time of 1 
cycle of the 2,000-cps wave). If the third harmonic is 
delayed proportional to its frequency, it would be de- 
layed by 3 X 90° or 270° so that the time delay would 
be expressed as "e X 0.000333 = 0.00025 second. 
The fourth harmonic being delayed proportional to its 
frequency relative to the fundamental would be delayed 
by 4 x 90° or 360° and the time delay or phase shift 
would be expressed by ®%eo or 1 x 0.00025 = 0.00025 
second. As can be scen, each component, as it passes 
through the amplifier, is delayed by exactly the same 
amount as the fundamental frequency, and this condi- 
tion is expressed as lincar, constant, or uniform phase 
shift or time delay. 


When this condition exists, the output signal is a 
true reproduction of the input signal, assuming that 
the frequency response of the amplifier is such as to 
afford substantial uniform amplification on all of the 
components for all of the fundamental frequencies, The 
selection of a fundamental and three harmonics does 
not imply that only three components can be treated in 
the aforementioned fashion, It should be understood 
that it is applicable to ten, twenty, or as many compo- 
nent frequencies as are present in the signal. Of course, 
the ideal conditions are not always attained, especially 
at the very high frequencies but this does not harm. 
provided that the departure from the ideal is not too 
great. In other words we accept a slight amount of dis- 
tortion, Once more here is an example of one of the 
reasons why the more elaborate oscilloscope amplifiers 
are more expensive to produce and, in the long run, 
cost more. 

Linear time delay is a design characteristic deter- 
mined by the designer of the amplifier, which means 
that the user has little choice in the matter. It is sup- 
posed that when an oscilloscope with certain rated 
characteristics is purchased, it affords those character- 
istics in its performance. The accomplishment of such 
phase characteristics over a band of frequencies does 
dictate certain specific contours in the over-all fre- 
quency response curve, so that it ìs in a way remotely 
possible by examining the response curve of the ampli- 
fier to see if the conditions of operation are such as to 
expect the proper performance relative to time delay. 
Such examination does not result in a quantitative an- 
swer; it is more of a qualitative result with implica- 
tions, rather than definite information. It so happens 
that comparatively few oscilloscopes are described in 
part by an illustration of the frequency response curves, 
but in the event that such curves are available, the in- 
formation about response curves which is given later 
in this chapter will no doubt prove helpful. =” 
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In view of the possibility that previous remarks 
about uniform amplification over the pass-band of 
either the horizontal or vertical amplifier may create 
the impression that nothing but the flatness of the re- 
sponse is important, it might be well to remark that 
uniform response accompanied by abrupt drop at both 
the high and low ends of the response curve is highly 
undesirable, It affords the required uniform amplifica- 
tion, but it will also introduce serious phase shift which 
will distort the output trace. 


The Behavior of Vertical-Amplifier Attenuators 


At first thought, one might consider the vertical- 
amplifier gain control a very simple part of the enti; 
oscilloscope system since its duty is elementary. Such 
is not the case, however. In view of the fact that the 
various types of attenuators used in oscilloscopes are 
shown in detail in Chapter 22, we shall not attempt at 
this time to analyze individually the different attenu- 
ator circuits, Instead we will illustrate, in a general 
way, the effects they can have on the output waveform 
of the signal being passed through the vertical ampli- 
fier, Let us examine the attenuator from two view- 
points, One of these is its function as a means of con- 
trolling signal level. The other is its over-all effect on 
the frequency response of the amplifying system as the 
signal level is reduced, Each of these will be treated 
separately. 
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‘The two kinds of attenuator systems have been men- 
tioned earlier. This reference is an elaboration. One 
form of attenuator is a single continuous amplitude 
control, The other system is a combination of step con- 
trol and continuous variation. These may be symbol- 
iced hy a single potentiometer, and by a potentiometer 
acting in concert with a step voltage divider, as shown 
in Fig. 10-77A and B respectively ; 10-77C represents 
a typical panel control arrangement of the type (B) 

‘The need for step attenuators in addition to contin 
‘ous variation arises from a number of conditions wi 
must be satisfied and cannot be accomplished by means 
vf a simple potentiometer. The range of signal voltages 
encountered in oscillography is very broad, yet a 
‘smooth control over relatively small increments of sig- 
nal level is required. This is not possible when a single 
control which must be fixed in physical dimensions and 
still present a high impedance at the input side is used, 
If the resistance element of such a potentiometer could 
be made very large physically and be of a high resist- 
ance, it would satisfy these two needs, although they 
are neither the only, nor the most important, require- 
ments. 

The demand for faithful reproduction imposes cer- 
tain frequency conditions as well as specific phase or 
time-delay conditions. These cannot be satisfied by the 
use of a single element potentiometer for reasons which 
will become evident soon, so that recourse must be 
made to the combination of a step attenuator and a con- 
tinuously variable level control. 














The Cathode-Follower Attenuator 

The application of two-section attenuation systems 
is not as simple as in the symbolized circuit of Fig. 
10-77B. While several methods are used, the one most 
frequently employed utilizes a cathode follower as an 
intermediate element between the step attenuator and 
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the continuously variable control. This is symbolized 
partly in Fig. 10-78A and fully in Fig. 10-78B. The 
reason for the two presentations is that the former may 
be used by itself over a limited range of voltages, al- 
though in most cases, the latter system also finds 
application. 

Essentially, the cathode follower is a vacuum-tube 
impedance transformer; its input impedance is high 
and its output impedance is low and can be varied over 
‘an appreciable range. The gain £ of such a stage is less 
than one, and is expressed as 


(10-9) 





where Ry is the cathode load resistor and gm is the 
mutual conductance of the tube. The gain of the cath- 
‘ode-follower can never be greater than unity because 
the quantity 1/g4 cannot become zero since gm is finite. 
Thus the impedance transformation in this type of sys- 
tem invariably is accomplished by a loss in signal. For- 
tunately, the loss never is so great as to be a problem, 
whereas the transformation of impedance affords a 
definite advantage. The output impedance Z, of the 
cathode follower is 
1 

ATE 
However, for our purposes, it is sufficient to view the 
cathode circuit as a low-impedance system which per- 
mits the application of a low-resistance potentiometer 
as the continuously variable gain control. The advan- 
tages of such a low-impedance device relative to fre- 
quency discrimination are discussed in a subsequent 
paragraph ; a low-resistance control affords a smooth 
control of amplitude, and the presence of a high-im- 
pedance input is retained, with all of the advantages 
which it offers, These are discussed in more detail later 
in this chapter. 

Capacitor Ca, which couples the potentiometer to 
the cathode resistor, is a blocking capacitor for d.c. 
and usually is a high value so as to present very little 
impedance to the passage of low-frequency currents. 
In the case of d-c amplifiers, this coupling capacitor is 
omitted, and the cathode resistor may be a potentiom- 
eter which serves as the gain control. The d-c voltage 
variations present in the cathode circuit are the signal 
voltages which the transferred to the succeeding stages. 

In some systems which employ the step attenuator 
ahead of the first stage (the cathode follower) and the 
continuously variable element in the output of the 
stage, the lowest setting of the potentiometer does not 
reduce the signal to zero. This is done so as to necessi- 
tate the use of the step attenuator for full range of sig- 


(10-10) 








nal control, thus tending to minimize the possibility of 
overloading the input stage with an exceptionally 
strong signal. Because the variable control does not 
reduce the signal below a certain minimum, proper 
trace dimension can be accomplished only by adjusting 
the step control also. The attenuating systems sym- 
bolized in Fig. 10-77 include those used in almost all 
‘oscilloscopes. If we concern ourselves only with the 
basic oscilloscope, the attenuator shown in part (A) 
of that illustration would be the one most frequently 
‘encountered. The other varieties are representative of 
the more elaborate instruments. 

When the multiple type, that is, the step and con- 
tinuously variable arrangement is used, the initial set- 
ting of the step control should be that which affords 
the least attenuation consistent with a reasonably sized 
image; the continuously variable control should be 
wide open if possible, The reason for this may not be 
clear at the moment, but let it be said that from the 
viewpoint of frequency response to all types of non- 
sinusoidal waves, the best characteristics are generally 
attained when the gain controls are wide open, or at 
least as close to that condition as is consistent with the 
development of the required trace dimensions. The 
qualifying conditions follow. 





The Frequency Effect oí the 
Simple Potentiometer Control 


Due to the presence of resistance and distributed 
capacitance in all electrical systems, the simple poten- 
tiometer arrangement shown in Fig. 10-77A is fre- 
quency sensitive. Distributed capacitance is to be found 
across the element as a whole and most certainly across 
that section which is delivering the voltage to the input 
circuit of the tube. Varying the position of the arm 
along the resistance element alters the constants of the 
input circuit, that is, the resistance and capacitance. 
The result is frequency distortion which is introduced 
on both sides of an optimum setting between the maxi- 
mum and zero signal positions, This is shown in Fig. 
10-79. These oscillograms illustrate the performance 
of a commercial oscilloscope when a 15,000-cps square 
wave was fed to the input. Although it might be said 
that too much was expected of the device because of its 
relatively limited frequency rating, the difference in 
pattern configuration using this high frequency illus- 
trates most vividly the manner in which the simple 
potentiometer attenuator setting affects the reproduc- 
tion. Oscillogram (A) was taken with the control near 
its zero point; oscillogram (B) for the optimum set- 
ting of the gain control, that is, the setting which re- 
sulted in a trace that most closely resembled the input 
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Fig. 10-79.— Distortion of a 15,000-cps square wave at vari- 
‘ous gain control settings; (A) results with the gain control 
near zero, (B) occurs at the optimum setting of the gain con- 
trol, and (C) results with the gain control at maximum. 





square wave; oscillogram (C) shows the trace when 
the gain control was wide open. The above is more 
frequently true with simple potentiometer-type attenu- 
ators of high value than with low-value units. This in- 
troduces another point of interest. 


High- and Low-Resistance Potentiometers 


It is always best if the input impedance of the verti- 
cal amplifier is high, that is, high resistance and low 
capacitance. The use of a high-resistance potentiometer 
tends to provide such an input condition. It is desirable 
in order to present the lowest possible load to the de- 
vice or circuit which is connected to the input of the 
vertical amplifier. But, as we have mentioned, the high- 
resistance potentiometer attenuator gives rise to the 
condition stated. The alternative is a low-resistance 
unit. The difficulty with it, however, is that while it 
may give rise to less frequency distortion over its range 
of operation, its low resistance will load the circuit 
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across which it is connected and, therefore, may influ- 
ence the character of the output of that device. 

As can be seen in Fig. 10-77, each of the attenuator 
systems is associated with an isolating capacitance, or 
a coupling capacitance. This unit is omitted in circuits 
designed for d-c amplification, but it is present in all 
a-c amplifiers, and where used contributes to the mag- 
nitude of the input impedance. If the resistance is high, 
the capacitance can be small and still permit good low- 
frequency response. But if the resistance is low, as 
would be the case when a minimum of frequency dis 
crimination was desired by using a low-resistance po- 
tentiometer, a very high value of capacitance would be 
necessary. Since capacitance is a function of the dimen- 
sion of the active surfaces, every condition which in- 
creases the dimension of electrical components tends 
to increase the distributed capacitance. Large capaci- 
tors and long leads connected to it tend to increase the 
shunt capacitance across the resistive section of the 
attenuator, and tend to defeat the purpose of the low 
resistance. 

Before introducing another aspect of attenuators, it 
is imperative to associate the behavior of such attenu- 
ators with the usual interpretation of the over-all fre- 
quency-response curve of such units of a vertical am- 
plifier. Although we have not as yet discussed the 
frequency-response curve of such units, we have indi- 
cated the desirability of uniform amplification over a 
range, and have indicated that vertical amplifiers in 
oscilloscopes do bear certain frequency bandwidth 
ratings. When the interpretation of these bandwidths 
becomes a concern, or when one is evaluating the utility 
of a uniform amplification rating, it cannot be done 
completely without taking into account the action of the 
attenuator. 


The Attenuator and Amplifier Frequency Response 


A frequency-sensitive or discriminatory attenuator 
system defeats the purpose of a uniform gain rating 
over a certain bandwidth. If the rating is predicated on 
sine-wave amplification, and it is so indicated, all well 
and good, but an interpretation of a sine-wave rating 
in terms of nonsinusoidal amplification is very apt to 
give misleading results. As we said before, simple at- 
tenuation of the high frequencies, or attenuation of low 
frequencies during sine-wave amplification, requires 
nothing more than correction of the gain versus fre- 
quency factor. In fact, if the rating is made with the 
attenuator wide open, the over-all response figures it 
clude the behavior of the attenuator. But if the ampl 
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fier is to be used for the examination of steep front 
waves or for their reproduction, simple numerical cor- 
rection for differences in gain versus frequency at dif- 
ferent frequencies means nothing. It then becomes 
necessary to limit the range of fundamental frequencies 
of such waves to within boundaries which are not only 
within the over-all bandwidth of the amplifier, but also 
within the range where the action of the simple attenu- 
ator is not too disturbing. This is a serious restriction 
for those who have occasion to use oscilloscopes for the 
observation of square pulses and other nonsinusoidal 
waves, 

Exaetly what we mean is shown by the oscillograms 
of Fig. 10-80. These are representations of two differ- 
ent square waves, one of 500 cps and one of 15,000 ps. 
Each was fed into the vertical amplifier of an oscillo- 
scope which would be placed in the category of a gen- 
eral purpose device ; it is perhaps not the simplest of 
this class, but is one which makes use of an uncom- 
pensated attenuator consisting of a high-resistance 
potentiometer. + 

Oscillograms (A) and (B) show the 500-cps square 
wave as reproduced with one-third full gain and two- 
thirds full gain positions, respectively, of the attenuator 
control. A slightly increased curvature at the leading 
edges is visible in (B) but it is of no importance; the 
representation would be adequate for all purposes. 

Using the same two settings, but applying a 15,000- 
cps square wave, the results are shown in oscillograms 
(C) and (D). Definite loss of high frequencies is indi- 
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cated, worse in (D) than in (C). To show that the 
condition is a function of the setting of the gain con- 
trol, rather than the amplifier response, oscillogram 
(E) illustrates the reproduction of the same 15,000-cps 
square wave at that attenuator setting which afforded 
the closest approach to the shape of the input signal 
Inasmuch as oscillograms (C), (D), and (E) differ 
only in the setting of the attenuator, it is easy to see 
that with an uncompensated attenuator one cannot de- 
termine the performance of the oscilloscope by exam- 
ining the amplifier bandwidth only. 

If this oscilloscope were examined from the view- 
point of the frequency range of square waves which 
could be fed into it without any effect due to the attenu- 
ator setting, the range of input frequencies of non- 
sinusoidal waves would be appreciably less than 15,000 
ps, for, as indicated by Fig. 10-80E, its acceptance as 
2 15,000-cps square wave is questionable, 

In order to evaluate the vertical amplifiers, the per- 
formance ratings must be read carefully. Since the 
characteristics of the attenuator are frequently stated, 
erroneous conclusions due to failure to properly inter- 
pret the equipment specifications are burdens which 
the user must bear. It so happens that up to the time of 
this writing, standards concerning oscilloscope speci- 
fications do not exist, so that an understanding of the 
differences between devices and the contributions of 
the different sections or parts of sections is necessary 
for the exercise of proper judgment when purchasing 
an oscilloscope. 
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Frequency Compensated Attenuators 

The action of uncompensated attenuators clearly in- 
dicates the need for devices which will not cause fre- 
quency distortion, yet will permit control of the signal 
level. They exist and are known as frequency-compen- 
sated attenuators. They are of the dual unit variety and 
are so used with the continuously variable element that 
the latter becomes a low-impedance device. This mini- 
mizes the effect of associated distributed capacitance, 
yet allows a high input impedance to the vertical am- 
plifier as a whole. In practice, the frequency compensa- 
tion is applied to the step attenuator at the input of the 
amplifier, whereas the continuously variable control is 
located at the output of the first stage, or at some point 
in the amplifier, where its manipulation will control the 
signal level consistent with minimum distortion. Ex- 
amples of these are numerous in Chapter 22. 





f. 10-81.—Schematics of step attenuators; (A) uncom- 
(B) compensated. 


To follow the manner in which frequency compen- 
sation is accomplished, consider the circuit shown in 
Fig. 10-81A. This is a simple two-step attenuator at 
the input of a tube. The toggle switch is one example 
f this mechanism. It consists of a capacitor C1 in 
series with a fixed resistor which is tapped at a point. 
по that the voltage between ground and tap 2 is one- 
tenth of the voltage between ground and tap 1. Asso- 
ciated with each section of the resistor and with the 
resistor as a whole, also at the input of the tube, are 
different amounts of distributed capacitance. These are 
shown in dotted lines. 





For the initial discussion, we will neglect the pres- 
ence of the distributed capacitance and consider only 
C1, RI, and R2; these three elements form a voltage 
divider. With the switch set on tap 1, the two sections. 
of the divider are CI and the resistance (R1 + R2). 
Regardless of where the switch is set, only a portion of. 
the voltage E can reach the input of the tube because 
the reactance of the capacitor acts as a voltage-drop- 
ping element. Whether this drop across C1 is great or 
small depends upon the frequency of the voltage. The 
portion of E reaching the tube input depends on the 
relative values of reactance Xo, and resistance (RI + 
R2). With the switch set at position 1, the equation for 
E^, the voltage at the tube input, 


= Ri+R 
VT R2)! Xo, 


and if the switch is set at position 2, the equation be- 
comes. 








xE (10-11) 


а 
VT R2) + Xo 


Regardless of the frequency, the higher the reactance 
of C1, the greater will be the drop in voltage across it, 
but the higher the value of the resistance relative to 
Xon, the less the voltage drop across the capacitive re- 
actance relative to the voltage drop across the resistive 
Portion of the system. If we imagine the frequency very 
low, so that Xy is several times higher than RZ + R2, 
comparatively little of the voltage E will appear across 
R1 + R2, whereas if X, is very low in comparison 
with RI + R2, most of the voltage will appear across 
the resistance. If we take license with the actual fre- 
quency and assume Xe, to be a very small fraction of 
RI + R2, then we can say that the presence of C1 has. 
very little effect on the signal level, although it does 
act as a blocking capacitor for direct currents. 

It is evident that if a nonsinusoidal wave containing 
a wide range of harmonics is fed into such a system, the. 
amplitude relationship of the harmonics will not be re- 
tained at the output of the divider system. Of course, 
it is possible to visualize a value of CI which will make 
Xe, extremely small relative to R1 + R2 at the lowest 
possible frequency, so that the different degree of at- 
tenuation which will take place due to changes in Xer 
will be negligible. This is possible but not practical 
because of cost and size, and because it is not the entire 
solution. 

Let us examine the system from another viewpoint. 
The capacitor C1 and the resistance element comprise 
аа К-С system with a certain time constant. It is pos- 


(10-12) 
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sible to establish such values for C and R that the re- 
sultant time constant is sufficient to satisfactorily ac- 
commodate voltages of the lowest frequency which may 
be fed into the system. If this is done by the use of a 
very high value of C1, the increase in cost, dimensions, 
and the distributed capacitance may be undesirable. If, 
on the other hand, a compromise is made and the re- 
sistance is made large, it may be too high relative to the 
permissible resistance in the grid circuit of the tube. 
‘The optimum value of time constant selected for any 
such system, as reflected in the constants of the ele- 
ments, must of necessity be a compromise, because it 
is virtually impossible to establish a single system 
which will perform uniformly in all respects at all fre- 
quencies. A certain amount of time delay is expected 
and accepted ; invariably this takes place over the lower 
end of the frequency range. 

Now, if we take cognizance of the distributed capaci- 
tance which we have shown as C2, СЗ, апа C4 in Fig. 
10-81A, the action of the attenuator over a range of 
frequencies is still further modified. With these capaci- 
tances active in the system, and the switch set at tap Z, 
the magnitude of the voltage fed to the input of the tube 
now is influenced by the distributed capacitance as well 
as by series capacitor C1. These values of distributed 
capacitance will have much greater effect at the high 
frequencies than at the low frequencies. 

Since these shunt reactances are high at the low 
frequencies, the division of voltage between Xo, and 
R1 + R2 will be affected very little whereas when the 
frequency is high, the division of voltage no longer is 
determined by the values of RI and R2, but rather by 
combined effect of the reactance of the distributed 
capacitances and the resistive elements which they 
shunt. In other words, the entire attenuator system 
becomes frequency sensitive; changing the tap posi- 
tion may afford the proper voltage division over a 
limited frequency range, but not over the entire range. 
Under the circumstances, changing the tap positions 
when the input voltage is of nonsinusoidal character 
will treat the different components differently and tend 
to distort the reproduction. The presence of these 
capacitances will iso modify the time constant of the 
system as the tap positions are changed, and introduce 
varying time delays. So, both amplitude attenuation 
and phase shift are the problems of uncompensated 
step attenuators, just as they are the problems of the 
simple potentiometer type of dividers. 

Compensation in a step attenuator is accomplished 
by the use of additional shunt capacitances; it is cus- 
tomary to make one or more of these capacitances 
variable to permit adjustment for variations in circuit 








ing the effect of a properly compen- 
sated attenuator, (A) the trace of a 15,000-cps square wave 
fed directly to the deflection plates, (B) the pattern of the 
same square wave at a point on a properly adjusted attenuator, 
and (C) the result of improper adjustment of the attenuator, 








capacitance. A simple arrangement is shown in Fig. 
10-81B. Capacitors C1 and C2 are the added compen- 
sating capacitors, and are considered to include the 
switch and wiring capacitances across the taps. C3 
represents the tube and additional circuit capacitances. 
Neglecting the series blocking capacitor, the voltage 
at switch position 2, as determined only by the resis- 
tive divider, will be proportional to R2/(R1 + R2). 
In order that the capacitive shunting reactances also 
form the same voltage-divider ratio, the reactance of. 
C2 and C3 in parallel, divided by the reactance of C1 
in series with the reactance of C2 and C3 in parallel, 
must be equal to R2/(R1 + R2). When this is accom- 
plished, the attenuator is relatively independent of fre- 
quency over a very wide range of frequencies. 

The presence of compensation in a step attenuator 
does not necessarily mean that all variation in the con- 
stants of a system has been removed. All it means is 
that a suitable compromise has been accomplished 





THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 339 


Fig. 10-83—Typical frequency 
response curves. 


which minimizes the distortion in the reproduction to 
a point where it does not impair the utility of the oscil- 
loscope. Such compensation is a very accurate proce- 
dure and it is entirely possible that, after a period of 
use, some changes will take place in either the adjust- 
ment of the trimmers or in the constants of the circuit. 
When this happens, it will influence the performance 
of the oscilloscope when the defective switch step is 
used. An example of this is shown in Fig. 10-82, Os- 
cillogram (A) is the trace of a 15,000-cps square wave 
when it was fed directly to the deflection plates of the 
cathode-ray tube. Oscillogram (B) shows the pattern 
of the same voltage at one point on a step attenuator 
which was properly adjusted, while (C) shows the 
trace when the components of the same step on the 
attenuator were incorrectly adjusted. The effect of the 
greatly increased attenuation at the high frequencies 
is very evident. 






Frequency Response Curves 

So many references have been made to frequency 
response and bandwidth that a short discussion of 
frequency-response curves of the vertical amplifier 
cannot be avoided. While it has not been usual com- 
mercial practice to illustrate the performance of these 
amplifiers in this way, some manufacturers do so and 
































A frequency-response curve is a graphical presen- 
tation of the manner in which an amplifier performs 
relative to frequency, that is over the frequency rating 
of the system. In Fig. 10-83 are shown three response. 
curves. The ordinate or vertical axis indicates the level 
of the response or the amount of amplification which 
the amplifier affords, The frequency scale is along the 
abscissa or horizontal axis. 

The usual method of indicating the amount of am- 
plification is in terms of relative gain, The amount of 
amplification available at any one frequency relative to 
that available at another is indicated by the heights of. 
the response curve. The three curves in Fig. 10-83 con- 
vey the information that each of the amplifiers affords 
a different amount of amplification over the same fre- 
quency range. 

The complete range over which the amplifier will 
respond is also shown by the curves. This is indicated 
by the span of each response curve relative to the fre- 
quency axis. Curve A indicates that the amplifier it 
represents affords amplification down to zero frequency 
(d-c),! which is below the limit of amplifiers B or С. 
However, at the high end of the scale, amplifier A 
(with the greatest gain of the three) cuts off sooner 
than either amplifier B or C. 

On the other hand, amplifiers B and C, each with 
different bandwidths, start at substantially the same 
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low frequency. This is not out of the ordinary because 
it is a function of design. For that matter, the rela- 
tionships between gain and bandwidth as depicted in 
this curve are along the normal lines of design, that is, 
the greater the bandwidth of an amplifier, usually the 
less is its gain, This should not be interpreted as a fixed 
rule which will apply to any two commercial devices 
because individual designs may differ, and an ampli- 
fier with wider response may also afford greater gain 
than another commercial amplifier. The rule stated is 
‘one which applies to a given amplifier during design. 

‘An important aspect of such frequency-response 
curves is that which relates to the types of signals which 
аге fed into the amplifier. The broad interpretation of. 
the amplifier response as shown in the response curve 
applies only to the amplification of sine waves. As in- 
dicated, these amplifiers are flat (uniform amplifica- 
tion) over a range of frequencies; at both the upper 
and lower limits, the gain falls off, finally reaching 
zero, However, even those regions which afford re- 
duced amounts of gain are useful for amplifying pur- 
poses, provided that the signals are sinusoidal, and 
that the amount of reduction in gain is known. 

Both of these statements require some qualification. 
If we have sine-wave voltages in mind, and one of the 
functions of the oscilloscope is to measure voltage levels 
by means of the height of the trace on the screen, then 
it becomes important to know the exact characteristics 
of the amplifier, It can readily be seen that a frequency 
which is within the zone of operation where the am- 
plifier is flat will receive one level of amplification, 
whereas a frequency within the zones of reduced gain 
will be subject to a reduced amount of amplification. 
To place these two on par will require the application 
of a correction factor equal to the reduction in gain of 
the amplifier. 

As stated previously, sine-wave frequencies which 
may be applied to such amplifiers extend over the en- 
tire range indicated by the response curve. This is in- 
teresting because the response curve includes a fre- 
quency range which exceeds the rated pass-band of the 
amplifier, as mentigned in the specifications. This rat- 
ing restricts the response to that range of frequencies 
which is amplified to within 3 db of the level which 
represents the “flat” part of the amplifier. According 
to this practice of rating, both the high- and low-fre- 
quency limits of the amplifier are those frequencies 
which receive not less than 70.7 per cent of the maxi- 
‘mum amount of gain available in the amplifér. 

Referring to curve A of Fig. 10-83, it can be seen 
that the amplifier has no cutoff at its low end, but does 
have an upper limit at slightly above 100 ke, the highest 











frequency of which receives 70.7 per cent of the am- 
plification over the flat portion of the curve. By no 
means is 100 ke the actual limit of response in this 
amplifier; the response curve extends beyond the 3-db 
point, but the extended range is not included in the 
rating of the response. The frequency 6 db down is 
200 kc. 

If the frequency rating included the total range of 
frequencies which can be amplified by the device, al- 
though to varying degree, it would be misleading when 
interpreted in terms of square-wave or other non- 
sinusoidal frequencies which were within the capa- 
bilities of the device. You will recall that the develop- 
ment of an acceptable version of a nonsinusoidal wave 
demands more than the mere presence of a certain 
number of harmonic components ; the reproduction of 
such a wave calls for uniform amplification of these 
‘components and for a linear phase relationship, 


Limits of Bandwidth 


The limited frequency-response rating stems from 
the distortion which is introduced by the presence of. 
components when they are substantial in their impor- 
tance to the reproduction, but do not receive adequate 
amplification with respect to the lower-frequency com- 
ponents. For example, the amplifier represented by 
curve A with a rated 3-db cutoff of 100 ke would be 
suitable for the amplification of square waves with a 
fundamental of 2,500 cps, assuming the presence of 
twenty odd harmonics, or 5,000 eps, assuming the 
Presence of ten odd harmonics, If we used the 6-db 
point as the upper limit of the range, and assumed the 
presence of twenty odd harmonics, the highest square 
‘wave acceptable for reasonable reproduction would be 
more than 5,000 cps, whereas for ten odd harmonics, 
it would be 10,000 eps. 

Referring once more to Fig. 10-83, curve B might 
be that for an amplifier which would be rated as having. 
ıa response of from 10 cps to about 300 kc. Both limits 
are indicated as the 3-db points on the curve. Curve C, 
on the other hand, is for an amplifier having a fre- 
quency response of from 7 cps to 900 kc. 

Some manufacturers rate the amplifiers in their 
oscilloscopes somewhat differently. They area bit more 
severe and consider the bandwidth as being between 
the 2-db points, which are equal to 79 per cent of the 
maximum gain, or about 20 per cent down. It must be 
mentioned, however, that such references simply state 
the upper-frequency limit without implying any upper 
limit of square-wave frequency which may be fed into 
the amplifier and which will result in acceptable 
reproduction. * 
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Another specification which is frequently found, and 
which is to be used at the discretion of the user, is the 
highest frequency which suffers 50 per cent loss in 
amplification, or is 6 db down. Correlating these 
methods of indicating response with the curves of Fig. 
10-83, it stands to reason that the less the allowed loss 
in amplification, the narrower will be the rated pass- 
band. 

We cannot stress too strongly the difficulty of evalu- 
ating oscilloscope capabilities from specified amplifier 
bandwidths. No matter how definitely mathematical 
computations may indicate that a certain number of 
harmonics are necessary for an acceptable reproduc- 
tion, the practical applications of oscilloscopes fre- 
quently show otherwise. The results indicate that 
fewer harmonic components frequently are satisfac- 
tory. This is illustrated in Fig. 10-84. Here we show a 
number of oscillograms of a 20,000-cps square wave. 
The amplitude of the wave was maintained relatively 
constant on the screen by manipulation of the output 
control of the square-wave generator for progressive 
positions of the simple potentiometer-type attenuator, 

By all sound reasoning, this oscilloscope, which has 
a rated bandwidth of 200 ke, 2 db down, and a rated 
bandwidth of somewhat more than 300 ke, 6 db down, 
should not be suitable for the reproduction of square 
waves of this frequency. Nevertheless, here is testi- 
mony that the development of a reasonable square wave 
(C) and (D) was a function of the attenuator posi 

ion. If we could assume the removal of the attenuator, 

thereby permitting the output trace to be a function of 
the amplifier characteristics only, the chances are that 
this comparatively low pass-band is capable of produc- 
ing an acceptable square wave, even though only about 
seven odd harmonics are present within the 2-db 
points, This seems to indicate that amplifier bandwidth 
ratings may be made more liberal if the information 
being sought is qualitative, and that the contributions 
made by the frequencies which suffer loss in amplifica- 
tion beyond the 3-db point may not be too harmful in 
many applications of the oscilloscope. This is, however, 
strictly a practical approach. 








Basis of Wide-Band Response 


The over-all response curve of an oscilloscope ampli- 
fier is a composite of the individual responses of the 
different stages which comprise the amplifier. If the 
individual stages were checked separately, the response 
310% down approximates —1 db 

20% down approximates —2 db 
309 down approximates —3 db 
50% down approximates —6 db 





Fig. 10-84—(A) 20,000-cps square-wave input, (В) trace 
with improperly adjusted attenuator, (C) and (D) attenuator 
adjusted to produce reasonable reproductions of the square 
wave 


curves would differ markedly from the total of them 
all. We might go so far as to say that the stages are 
individually tailored so as to produce a definite result- 
ant, the extent of such individual treatment being more 
critical as the width of the pass-band is greater. 

It is not within our province to examine the organi- 
zation of amplifiers in this respect, but we must say 
that the design aid construction of such a system is 
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Fig. 10-85.— Frequency response curves with diferent de- 
grees oí compensation, (A) insufficient, (B) proper, and (C) 
excessive. 


very critical and changes in components or tubes can- 
not be made indiscriminately. (Compensating for non- 
linearity in time-base oscillators is explained in Chap- 
ter 9.) Lead dress is important and even a slight alter- 
ation in constants is enough to modify the shape of the 
response curve, and materially alter the reproduction 
of the signal fed into the amplifier. 

The means of attaining wide response is the creation 
of quasi-resonant states in the individual stages, each 
of which may be tuned to a different frequency within 
the over-all desired band. Each stage then contributes 
a certain amount of the gain. The adjustments are criti- 
cal. The effect of different degrees of compensation as 
well as the effect of insufficient compensation is shown 
in Fig. 10-85. Three amplifier response curves are il- 
lustrated, each of which has the some nominal band- 
width, Curve A slopes gradually at the higher fre- 
quencies and is representative of the amplifier without 
high-frequency compensation, that is, an amplifier in 
which no attempt has been made to build up the region 
of higher-frequency response. Curve B is fat to a 
higher frequency because compensation has been ap- 
plied. (Just how this is done will be shown soon.) The 
sign of such compensation is the more abrupt decrease 
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in gain, although a too rapid fall in gain can be trouble- 
some. Actually, it is difficult to determine the char- 
acter of compensation from the response curve, unless 
it is extreme to the point where the taper at the high 
endis almost a straight line downward. Such a drop-off 
is not desired. Curve C shows a very steep drop, but 
also a fairly sharp rise in response at the high end. 
This is an example of overcompensation and the two 
Conditions usually accompany each other. It might be 
said that unlike tuned r-f band-pass amplifiers, where 
very steep sides are desired, oscilloscope amplifiers 
demand more gradual slopes in order to minimize 
phase distortion. The action of three such amplifiers on 
a 100-ke square wave is shown in Fig. 10-86, which 
indicates that the most favorable type of response curve 
is that of Fig. 10-86B. 

The overshoot in Fig. 10-86C indicated by the nar- 
row pip at the top of the leading edge of the wave is 
evidence of excessive high-frequency amplification or 
‘overcompensation, Expansion of this wave so as to 
show the character of the flat portion of the wave more 
clearly would produce a trace like that shown in Fig. 
10-87. This type of amplifier operation is frequently 
called "ringing" and may develop if some change takes. 
place in the condition of the frequency-compensating 
components. If a state of overcompensation exists in 
the oscilloscope amplifier, it will, as a rule, indicate its 
presence as the fundamental frequency of the square- 
wave testing signal is increased. 








Fig. 1047. Entar 
ment ol Fig. 10-86(C). 


Frequency Compensation Methods 

So many references have been made to frequency 
compensation in the vertical amplifier (for that matter, 
it is important in the horizontal amplifier, too) that. 
some degree of expansion is necessary. Its function 
has already been stated, but the means whereby it is 
accomplished has been briefly referred to. In view of 
its importance in the proper behavior of the oscillo- 
scope, even though it is taken care of in the design, and 
since all signs point to even greater stress being placed 
on the pass-band of the amplifiers in oscilloscopes, we 
feel that the subject deserves its full measure of atten- 
tion. Accordingly, at the end of this chapter we have 
included an appendix containing an analysis of the 
subject giving the necessary design information which 
might prove helpful to any one interested in the design 


THE BASIC OSCILLOSCOPE AND ITS MODIFICATIONS 348 


of an amplifier, or who might desire to explore the 
subject more than just casually. 


The Advantages of Wide-Bandwidth Amplifiers 


It would seem from the foregoing that maximum 
emphasis was being placed on the presence of the few- 
est possible harmonics in a reproduced wave, conse- 
quently on the amplifier with the narrowest bandwidth. 
‘We have no particular reason for taking a stand of this 
kind, in fact, the purpose of this and the subsequent 
paragraphs, that are related to the subject, is to correct 
any possible misunderstanding. We are in no way 
favoring a 300-ke bandwidth oscilloscope in preference 
to one with wider bandwidth, We do, however, say that 
a minimum of seven odd harmonics is sufficient to af- 
ford a reasonable facsimile of a square wave. More- 
over, such reproduction i» adequate for numerous tele- 
vision maintenance operations. 

Now for the other side of the subject, let us reiterate 
that the greater the bandwidth is, thc better generally. 
For example, let us assume that a very-high-frequency 
parasitic oscillation is present in an amplifier, or for 
example, an overcompensated amplifier is to be 
checked. Both of these conditions may or may not be 
associated with television maintenance, but the possi- 
bility of similar conditions being present in a tele- 
vision system is very great. Their determination by 
means of an oscilloscope with relatively narrow band- 
width is very remote, if possible at all. In other words, 
a 700-ke transient would not be discernible with a 
200- to 300-kc bandwidth amplifier. 

The wide-hand oscilloscope offers many operating 
capabilities that are beyond the province of the medi- 
um-bandwidth and low-band instruments. Every 
activity can neither afford, nor does it require the same 
kind of oscilloscopes. The selection of an instrument 
depends, therefore, upon what is needed rather than 
the electrical superiority of one over another. Any 
recommendations implied herein use the minimum 
capabilities necessary for certain duties, but the elec- 
trical limitations which accompany the compliance with 
such requirements also must be recognized. 








The circuits used for the vertical-deflection ampli- 
fiers may be the same in different kinds of oscilloscopes, 
and may differ quite substantially, even among the 
basic varieties of devices. Many instruments make use 
ОЁ resistance-capacitance of R-C coupled systems, 
others employ direct coupling, but the manner in which 


the circuit elements are treated, the number of tubes 
used per stage, the use of single-ended and push-pull 
stages, the varied forms of phase inversion, and, finally, 
the varied degrees of frequency compensation repre- 
sent the differences between oscilloscopes of different 
categories, functional capabilities, and certainly price 
class. 





AC and D-C Amplifiers 


Two fundamental varieties of circuits are used for 
interstage couphng between tubes in vertical ampli- 
fiers. These are the K-C system previously mentioned, 
which is also known as the R-C coupled amplifier, and 
the direct-coupled amplifier which is frequently called 
the d-e amplifier, The first of these is shown in simpli- 
fied form in Fig. 10-88. 

In ће К-С coupled system of Fig. 10-88, three im- 
portant circuit elements must be taken into account. 
These are the plate-luad resistance K1, the coupling 
capacitor C (sometimes known as the blocking capaci- 
tor), and the grid-leak resistance R2, In view of the 
location of C, the grid of 1/2 is isolated from the d-c 
plate voltage uf 177. In this respect, it is a blocking 
capacitor, Let us now examine how a signal is trans- 
ferred from 11 10 V2. 

Assuming a quiescent condition in both tubes, that 

. no signal, the effective voltage at the plate of V1 is 
steady and of a value equal to the B+ voltage minus 
the drop across R7 due to the current Ja which is pres- 
cent in the plate circuit. If we can imagine an uncharged 
capacitor C in series with resistor R2 being placed into 
the circuit as shown i 10-88, a charging current 
i, will Bow through A7-C-K2 until C becomes charged 
to a voltage corresponding to the plate voltage of V1. 
This is momentary action but during the time the 
charge in C is changing, the charging current through 
R2 will produce a voltage drop iR2 which will be ap- 
plied to the grid-cathode circuit of V2 as a momentary 
signal. Its value, direction, and duration will depend 
on those of ie. 


























Fig. 10-88—Simplified schematic of R-C coupled amplifiers. 
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When capacitor C becomes charged to a value cor- 
responding to the original charging voltage, movement. 
of charges through the RI-C-R2 circuit ceases. The 
voltage drop across R2 disappears, all variables in the 
circuit have become constant and the grid in V2 ex- 
periences no effects from the previous momentary sig- 
mal voltage; the potential of that grid becomes what- 
ever is dictated by the grid bias applied to that tube, 
just as if there had been no movement of charges in 
RI-C-R2. 

Let us now apply a signal to the control grid of VI 
so that a change takes place in the plate current of that 
tube. This will change the voltage drop across RI, 
which element is fixed in ohmic value. Since the volt- 
age drop across this resistor determined the original 
charging voltage for capacitor C, a change in this volt- 
age will result in a new charging current, that amount 
necessary to make the voltage across C equal to the new 
value of plate voltage or charging voltage. 

The path of this charging current is through 
RI-C-R2, consequently, a momentary voltage (signal) 
will again appear across R2, which is the same as say- 
ing that it will appear across the grid-cathode circuit of 
V2, The magnitude of this signal input to V2 is deter- 
mined by the value of js, or the momentary change in 
plate voltage of V1, and while it lasts, it changes the 
potential of the V2 grid relative to its cathode so that 
ignal has again been transferred from the grid of V1 
to the grid of V2. 

Now the interesting aspect of this action is that a 
signal appears across K2 only during changes in the 
plate voltage of 177. We can restate this by saying that 
changing plate current through #7 causes a changing 
value of charging voltage to be active relative to the 
circuit of CR2. During these times the grid of V2 is 
likewise changing in potential relative to its cathode in 
conformance with the changes in the voltage i, R2, and 
the capacitor C is behaving like a coupling capacitor. 

‘The direction of the charging current through RI-R2 
and into and out of C depends on the polarity of the 
changes on plate voltage of V1, and determines whether 
the potential of the V2 grid will momentarily rise or 
fall (will become fess negative or more negative) rela- 
tive to its static, no-signal value as determined by the 
applied grid bias, The instant that charging current 
ceases to flow into or out of C, therefore, through R2, 
the potential of the V2 grid returns to its original no- 
signal value just as if nothing had happened previously. 
‘This is illustrated in Fig. 10-89A and B. 

Therein are shown the conditions at the grid of V2 
with steady plate voltage on VI and a grid bias of —4 
volts on the grid of 72, and change in grid potential at 
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V2 when the plate voltage of 1 is varying as a sine 
wave, increasing and decreasing around the steady no- 
signal value. It is evident that when the plate voltage 
of V1 is constant, the no-signal condition prevails at 
V2. Also that each time the plate voltage of 1 returns 
to its no-signal steady value which corresponds to zero 
change, the grid potential of 2 returns to its steady 
no-signal bias value. In between, the grid of V2 goes 
more negative and less negative according to the value 
and polarity of i, R2 with respect to the fixed bias of 
—4 volts. 

Let us now imagine a change in bias on VZ so that 
the value of plate voltage changes from Ey: to a new 
value Ey, and remains constant at the new value for a 
while, and then, the bias is restored to its original level 
which naturally returns the plate voltage to its original 
value Ey. This action of the plate voltage is shown in 
Fig. 10-89C. Visibly, the change in grid bias is unidi- 
rectional since the change in plate voltage likewise is 
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What happens in the coupling system RI-C-R2 and 
at the grid of V2? Let us examine Fig. 10-89D as well 
as C. During the no-signal condition in V1, the plate 
voltage is steady and the grid of V2 is at the bias poten- 
tial of —4 volts. Then there occurs a sudden change in 
plate voltage at 1, which means: 

1, Anew value of charging voltage 

2. A sudden rush of charging current through 
RI-C-R2 in the attempt to change the potential of C 
to conform with the new charging voltage 

3. The appearance of a momentary voltage drop 
across R2, therefore, a sudden change in the potential 
of the V2 grid 

4. When the momentary change in plate voltage of 
V1 has been accomplished and it is at its new value, the 
coupling capacitor C also has been charged to the 
higher voltage. There it stays with its charge and the 
charging current through 2 (also R7) decreases to 
zero — and concurrently with that, the grid of V2 re- 
turns to the original value which prevailed before any- 
thing happened in the plate circuit of VI. 

Sometime later the plate voltage of V1 is restored to 
its original value, The change in plate voltage becomes 
a new value of charging voltage and the capacitor dis- 
charges some of the energy it has stored. The discharge 
current is a momentary rush of charges through 
R2-R1, and a momentary voltage again appears across 
R2, but now in the opposite direction to what it was 
before, and the grid of V2 assumes a potential for an 
instant, After the coupling capacitor has been dis- 
charged sufficiently so that it is at the voltage of the 
plate of V, the discharge current ceases, and the po- 
tential of V2 grid assumes its normal value. 

Summarizing the contents of Fig. 10-89, it is easy 
to see that the transfer of a signal through an R-C am- 
plifier demands a continuous change in voltage condi- 
tions in the coupling system, a steady-state condition, 
such as a d-c change will be accomplished only tempo- 
rarily, namely, during the moments of transition from 
one state to the other. This is shown in Fig. 10-89C 
and D, where the change in value of plate voltage from 
one level to the other is a change in steady-state con- 
ditions. Only when there occurs a continuous change 
in state as shown in Fig. 10-89A and B, does there take 
place a continuous transfer of energy. 

Now if we consider a continuous change in condi- 
tions to be a-c phenomenon, and the steady-state con- 
dition to be d-c phenomenon, the reason for calling an 
R-C coupled amplifier an amplifier of a-c signals, be- 
‘comes understandable. An R-C amplifier can transfer 
a change in a d-c voltage in exactly the same manner 








that it transfers an a-c voltage except that it is momen- 
tary while the change lasts. Once the changing state is 
replaced by a steady state, the a-c coupling system 
ceases to show any signs of the new condition. 

The fact that triode tubes are used in the analysis of 
the R-C amplifier does not impose any limitation on the 
validity of the discussion, What was said applies 
equally well to all other types of tubes which see such 
service. 











The Direct-Coupled (D-C) Amplifier 


‘The direet-coupled amplifier differs in a number of 
ways from the R-C amplifier, The tubes may be the 
same, hut the coupling between them and the distribu- 
tion of the operating voltages differ greatly. Function- 
ally, there is even a greater difference, which in the 
final analysis, i» the most important factor. The d-c 
amplifier allows the transfer of a steady-state or a d-c 
voltage and the transfer of an a-c voltage with equal 
facility. This implies that the coupling capacitor C, 
Which is a part of the link between the two tubes in the 
R-C amplifier and behaves as a blocking capacitor 
against the transfer of d-c voltages, is absent. Such is 
the case illustrated in Fig. 10-90. This is a representa- 
ite form of direct- 





tion of the fundamental Loftin-W 
coupled amplifier? 








Fig. 10-90.—Schematic of simple d-c amplifiers: 


Resistor R is the plate load for tube V/7 and at the. 
‘same time the grid leak for tube 72. It would seem at 
first glance that the d-c voltage of 71 is applied to the 
grid of V2, Such is the case but it is not effective in 
that way because of the manner of connecting the cath- 
ode of V2 to the voltage supply system. If the cathode 
were connected to point d on the voltage divider, the 
control grid of 72 would be negative relative to its 
—Loftin, E. H., and White, S. Young, "Direct-coupled de- 
tector and amplifier with automatic bias," Proc. 1.R.E., vol. 3, 
pp. 281-286, March, 1928. 
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cathode by an amount equal to the voltage drop across 
R which would numerically equal 240 — 185, ог 55 
volts, Because of the direction of current flow Jy, the 
control grid is negative relative to point d. Such a 
heavy bias would naturally make the tube inoperative. 
Therefore, the cathode of tube V2 is connected to a 
point on the divider which makes that cathode positive 
relative to its control grid by an amount slightly less 
than the voltage drop across R. In other words, the 
voltage effective between e and c is the voltage drop 
across e-d minus the voltage drop e-d. According to 
the values shown, the voltage drop e-d amounts to —55 
volts, whereas the voltage drop e-d amounts to +50 
volts, thus making the control grid 5 volts negative 
relative to its cathode. 

In the absence of a signal at the control grid of tube 
V1, the plate voltage for that tube is equal to the volt- 
age a-d minus the voltage e-d. A signal applied to the 
grid of 177 will cause a change in the plate current of 
V1, therefore, a change in the drop e-d, and a change 
in the potential of the pomt e (the grid of 2) relative 
to its cathode, So, in the absence of a signal into V1, 
a state of equilibrium exists during which time the 
plate current of 1*1 is constant; point e on R is at a 
fixed potential relative to its cathode, and the grid of. 
V2 is slightly negative relative to its cathode. This is. 
illustrated in Fig. 10-91A and B at the left of the draw- 
ing where the no-signal conditions are indicated. Iilus- 
tration (A) portrays conditions relative to the plate 
voltage of 1, and illustration (B) portrays the grid 
voltage of V2. 

Let us imagine that a sine-wave signal of any fre- 
‘quency is applied to the grid of V7. We shall consider 
it to be of very low frequency since one of the reasons 
for the use of direct-coupled amplifiers is the con- 
venience of obtaining excellent amplification of very- 
low-frequency signals. Only one cycle is shown because 
everything said in connection with this single cycle 
applies to any number of cycles. 

The polarity of the signal on the grid of V1 is such 
as to make the plate voltage of that tube rise. This can 
take place only if the plate current decreases and the 
drop across R is reduced, which of course changes the 
potential of point ¢ on R, making it less negative as far 
as the grid of V2 is concerned. Since the voltage drop 
c-d is substantially constant and the voltage drop across 
R has been decreased, the potential of the grid of V2 
becomes less negative than before and this change takes 
place in conformity with the instantaneous changes in 
the plate circuit of V1. During the first quarter-cycle 
of the signal voltage into 1, the plate voltage of that 
tube is rising and the grid of V2 is becoming corre- 
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10-91 —Iilustrating the relation between the driving 
plate voltage and the driven grid voltage in d-c amplifiers. 


spondingly less negative, following the changes in plate 
voltage exactly. 

When the plate voltage of VZ reaches its maximum 
level, the grid of V2 is at its maximum positive-going 
level, or, to put it differently, is least negative, As the 
plate voltage begins to fall during the second quarter- 
cycle of the signal (due to the gradually increasing 
plate current and increasing drop across R), the grid 
of H2 follows this change by gradually becoming more 
negative. It reaches its original level at the time the 
plate voltage of 171 falls to its original value in corre- 
spondence with the instant of zero signal on the grid 
of V1. 

The reverse of that which has been described takes 
place during the next half-cycle; as the grid signal on 
V1 becomes positive, the plate current of that tube 
increases, making the drop across R progressively 
greater and making the grid of /2 progressively more 
negative relative to its cathode, In this fashion, the 
grid of V2 follows the changes in plate voltage of V1, 
instantaneously assuming different levels of potential 
relative to its cathode, until the cycle is completed and 
the signal fed into V1 is amplified and passed on to V2. 

At first glance, the ability of the direct-coupled am- 
plifier to amplify an a-c signal offers no special advan- 
tages, neither does it appear as anything significant, In 
reality it does offer advantages and we shall speak of. 
them soon. For the moment, we desire to examine an- 
other capability of this system as an amplifier. 

Continuing with Fig. 10-91 let us imagine that in- 
stead of an a-c signal input to tube Vl, we apply a 
unidirectional voltage so that the plate current falls 
and the plate voltage of that tube rises. The input sig- 
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nal is a negative-going pulse and it is applied after a 
period of quiescence, The plate current falls suddenly 
to a new value and the plate voltage, therefore, rises in 
like fashion because the drop across R is reduced. 

What happens in the grid circuit of V2? That grid 
follows the changes in potential at the point с оп К; 
when the plate current fell, the drop across R decreased 
abruptly and the grid of 1’2 became less negative just 
as rapidly, as shown in illustration (R) of Fig. 10-91. 
Then when the plate current of V1 remained constant 
at the new value and the potential of point e (or the 
plate voltage of 77) remained constant at the new 
value, the grid of V2 likewise remained constant at its 
new level of voltage relative to its cathode, as shown by 
the flat portion of the pulse in both illustrations of Fig. 
10-91, This is a new state of equilibrium in the system 
for as long a» the voltage conditions which we have 
described remain constant in the system. Of special in- 
terest is the fact that at the moment the effective po- 
tential between the grid and cathode of V2 is much 
less than before, and to all intents and purposes this. 
could just as readily as not be the new set of operating 
conditions for the system ay a whole, 

We know that iy not the case, for after a while, the 
input signal to the grid of 171 falls to its original value ; 
the plate of that tube likewise returns to it» original 
voltage because the increase in plate current through 
R increases the voltage drop across that element, and 
the grid of 172 again becomes more negative, return- 
ing to its original status. Now, the performance of 
the amplifier when the input to /7 was a pulse differs 
substantially from that of the a-c amplifier which we 
described previously. This can be seen by noting the 
action at the grid of 172 in Fig. 10-89 and in Fig. 10-91 
when a pulse was applied to VJ in each case. When 
R-C coupling was used, energy was transferred from 
the plate of 7 to the grid of V2 only during the time 
the voltage was changing; the moment the change 
ceased, the grid of 2 returned to its no-signal level. 
In the direct-coupled (dc) amplifier, however, not 
only is the change transferred, but the steady-state 
condition following the change also is transferred. In 
other words, a d-c voltage has been amplified and 
transferred from one tube to the next. The new steady- 
state condition in Fig. 10-91B is the increase in plate 
voltage of V1 and the less negative condition of the 
grid of 2, Since this is due to the d-c voltage applied 
to the grid of V1 and it appears in amplified form at 
the grid of V2, a change in d-c level has been trans- 
ferred from one tube to the other. 

Now if we appreciate the full significance of the a-c 
signal which was amplified by the d-c amplifier of Fig. 





10-90, it stands to reason that the amplification of a 
doc signal is not limited to positive pulses. A negative- 
going pulse can be handled with equal ease, for all it 
means is that the drop across R (Fig. 10-90) is in- 
creased in conformity with the increase in plate cur- 
rent of 17, and the grid of 1/2 becomes more negative 
as dictated by the characteristics of the signal in the 
plate crreuit of tube 177. 

‘So much for the basic principles underlying the op- 
ration of the d-c or direct-coupled amplifier, and the 
difference between it and the a-c or K-C coupled sys- 
tem, What we have said is hy no means a complete 
exposition of the subject, there being much left unsaid 
because at a» beyond the province of this book, and 
because explanations of different kinds of d-camplifiers. 
ах used in practical instruments are given in Chapter 
22, Sources of more elaborate information are given in 
the references contained in the bibliography, In the 
meantime several additional comments concerning d-c 
amplifiers are in order. 

‘The first of these refers to the frequency range of 
such amplifiers, Their advantage lies in their ability to 
amplify d-e signals, therefore, extend down to zero 
frequency As to signals of very low frequency, 1 cycle 
or less the d-c amplifier is the preferred system. The 
conventional a-c amplifier also is suitable for this type 
of signal, but the capacitor required for the coupling 
capacitance must, of necessity, be very large 
and this introduces a cost factor, but even more in 
portant than that is the increase in distributed capa 
tance and the resultant reduction in high-frequency 
response, Finally and perhaps even more important 
than the last named is the phase shift over the low- 
frequency range. The absence of the R-C combination 
in the d-c amplifier makes the system free from such 
effects. 

Another advantage of the d-c amplifier is found in 
the ability to position the beam by the application of a 
Positioning voltage in the signal channels. This means 
direct coupling between the deflection elements and 
the output amplifier as shown in Fig. 10-92, which is a 
greatly simplified version of the practical amplifier, It 
does, however, indicate one means for applying the po- 
sitioning voltage. (Many more appear in Chapter 22.) 
This consists of creating an unbalance in the static 
level of plate voltages in one of the stages, in this ex- 
ample in the intermediate stage of amplification. Thi 
change in static level of one of the plate voltages is. 
transmitted to the succeeding stages and appears in 
the output as a definite static unbalance which deflects 
the beam in one direction. The signal voltage is super- 
imposed upon these voltages. The design of the system 
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Fig, 10-92—D-c amplifiers with positioning system (bal- 
anced) in the signal channel. 


is such that the potentiometer R affords like plate volt- 
ages to both of the tubes which it controls when it is 
set at its midpoint. When set to either side, it applies a 
higher plate voltage to une or the other of the tubes, 
thus affording fixed displacement of the beam in either 
direction along the axis controlled by the amplifier. In 
this case, since we are speaking about vertical ampli- 
fiers, the positioning would be effective in the vertical 
direction, 

The importance oí d-c positioning via the ampli- 
fiers is that it affords the facility consistent with mini- 
mum effect on the frequency response. It must always 
be kept in mind that good frequency response is a 
prime requirement of all oscilloscopes. Even when the 
frequency range is limited, the location of variable 
controls in the amplifying channel is capable of ad- 
versely affecting the bandwidth of the amplifier. The 
ability to locate a positioning control as we have illus- 
trated, which is only one arrangement of many, with- 
out displaying any effect on the bandwidth of the am- 
plifier, is very important. 

On the other side of the fence is the fact that the d-e 
amplifier is more critical in operation than its a-c 
counterpart. In fact, single-ended systems such as that 
shown in Fig. 10-90 are not suitable generally for 
purposes such as we are discussing, because the slight- 
est amount of drift in the operating potentials is trans- 
mitted through the system just as if it were a signal. 
To overcome this, recourse is made to push-pull sys- 








tems for all stages. A satisfactory balance is thus at- 
tained, although, even under such circumstances, 
may be necessary to utilize a regulated power supply 
for the stages ahead of the output stage. The need for 
accurate halancing is met by the inclusion of a number 
of balancing controls which arrange the correct dis- 
tribution of operating potentials. However, it does in- 
troduce some maintenance problems. Replacement of 
tubes and resistive clements is, of course, possible when 
one or more of these components fail, but they cannot 
һе replaced with complete abandon. While it is true 
that the balancing controls provide a latitude of toler- 
ance in the values of the resistors and in the charac- 
teristics of the replacement tubes, there does remain a 
limit which must be observed, Therefore, when re- 
placement of a tube is necessary in the balanced stage 
of a d-e amplifier, it is highly recommended that both 
tubes ín the stage be replaced ; moreover, if they are 
individual tubes, they should be of like character 
Of course, when the stage employs a dual-section tut 
replacement is simple, but even then, the characteris- 
tics of the tube selected as the replacement should 
match the characteristics of the original tube most 
closely. Invariably replacements of this kind demand 
readjustment of the balancing controls, and if the 
original degree of stability is not attainable, it means 
that the values of the replacement units exceed the 
tolerances which can be corrected by the existing bal- 
ancing controls. 


Practical D-C Amplifiers 


When an amplifier is rated as a direct-coupled sys- 
tem, it means that the coupling capacitance has been 
eliminated in all stages, inclusive of the coupling to the 
deflection plates. A combination of a-c coupling in one 
stage and d-c coupling in the remaining stages does not. 
constitute a direct-coupled system. If anything, it is an. 
ac system even if the R-C coupled stage is singular in 
comparison with several direct-coupled stages. 

Occasionally the vertical amplifier in an oscilloscope 
is stated as affording a choice of either a-c or d-c am- 
plification. This invariably means a choice at the input 
point and seldom if ever in the stages of the amplifier. 
What we mean is shown in Fig. 10-93, The amplifier 
proper (not shown) is a d-c coupled system, but the 
input circuit feeding the attenuator is switch-controlled 
for either a-c or d-c signals. In one position, the grid 
system of the input stage is connected directly to the 
“high” terminal of the input system, since the switch 
position shorts the coupling capacitor C. This is the 
position marked DC. When the switch is set to the AC 
position, the coupling capacitor is in the circuit. The 
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Fig. 10.93.— Input selector switch of a d-c amplifier. 


system we show is only a part of the complete circuit 
of these units, but it is sufficient to illustrate the point. 
There is no such thing as an a-c d-e amplifier, If it is 
an a-c amplifier, it is not suitable for the transfer of 
d-c signals, whereas if it is a d-c amplifier, it automatic- 
ally includes a-c voltages within its frequency rating. 








D-C Coupling and Square-Wave Amplification 


It is possible that some confusion may arise in the 
mind of the reader concerning d-c coupling and 
square-wave amplification. The latter is possible with 
direct and R-C coupled systems, but the disadvantage 
of the latter when low fundamental frequencies are 
involved is, as was mentioned earlier, the need for high 
values of coupling capacitance, and also, the matter of. 
phase shift, When the square-wave fundamental fre- 
quency is several cycles or less, dc amplifiers are much 
to be preferred. 

Another point of interest relates to the possible pres- 
ence of a,d-c level as the base of the square wave or 
pulse, As we have shown, only the d-c amplifier is 
capable of properly passing such a signal, therefore, 
direct coupling in the vertical amplifier of the oscillo- 
scope is a must if itis to indicate the d-c level as well 
as the shape of the signal. 


Phase Inverters and Push-Pull Systems 


‘The use of single-ended or single tube stages in 
most of the amplifier diagrams that we have discussed 
is not intended to infer that the vertical amplifiers in 
oscilloscopes used such arrangements. Their use is 
common, to say the least, but the push-pull arrange- 
ments are more general, especially in the more elabo- 
rate instruments, In these units, they are to be found 
in all the stages, whereas in the instruments which 
make use of the single-ended stages, only the final out- 
put stage utilizes the push-pull circuit, and then not in 


every instance. In those cases where the amplifier is a 
‘combination of single-ended stages and a push-pull 
‘output stage, phase inversion is necessary in order to 
feed the output stage with two signals which are 180° 
out of phase. 

The operation of the push-pull stage and the phase- 
inversion stage is the same as that for the more com- 
monplace audio amplifiers. If there is anything of spe- 
cial significance, it is found in the constants selected 
зо as to minimize the deterioration of the band-pass 
capabilities of the amplifier in the phase inversion 
stage. In the usual audicramplifer with a pass-band of 
perhaps 10 kc, neither phase shift nor the loss of fre- 
quencies above 10 kc із of importance; but in the wide- 
band oscilloscope amplifier, both are pertinent to good 
performance, The possible arrangements for attaining 
phase inversion are numerous, entirely too many to 
allow illustrating all of them. Those which are repre- 
sentative of generalized art are shown; these are the 
lasis of the numerous arrangements to be found in 





nomenon of phase inversion, it is 
found in the operation of the usual three or more ele- 
ment tube, namely in the phase relations between the 
control grid, plate, and cathode circuits. The signal 
voltage at the plate of a vacuum tube is 180° out of 
phase with the signal voltage at the grid; the signal 
voltage at the cathode is in phase with the signal volt- 
age at the control grid, and 180° out of phase with the 
signal voltage at the plate, With these three cardinal 
conditions as a basis, especially the last named, it is 
not difficult to visualize two signal voltages 180° out 
of phase being secured from a single tube, An ampli- 
fier of this type is sometimes referred to as a "para- 
phase" amplifier, the coined word being the equivalent 
of "a pair of phases" as applied to two signals. One of 
these signals is secured from the plate system, and the 
other from the cathode system. This is illustrated in 














Fig. 10-94.— Schematic of a simple phase inverter. 
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Fig. 10-94. The values of R1 and R2 are the same, and 
since the same signal current flows through both, equal 
voltage drops will develop across each. These will 
differ in phase by 180° because an increase in plate 
current will make the plate less positive than it was 
before, whereas it makes the cathode more positive 
than before the increase. Gain in an amplifier of this 
type is of secondary importance, since the primary re- 
quirement is two output signals, of like magnitude but 
differing in phase by 180°. 





Fig, 10-95 Schematic of a cathode-coupled phase inverter. 


One version of cathode-coupled phase inversion in 
the output stage of an oscilloscope amplifier in shown. 
in Fig. 10-95. All of the frequency-compensating net- 
works have been omitted in order to show the opera- 
tion of the system more clearly. The signal is fed into 
the push-pull stage from a single-ended stage via the 
coupling capacitor C1. With bypassing of cathode re- 
sistor R2 omitted, a signal voltage is built up across 
this element and ground, and it has exactly the same 
polarity and shape as the signal fed into the grid of 
tube V1. With a common connection between the 
cathodes of tubes 1 and 72, and with the control grid 
of V2 grounded, any rise in the potential of control 
grid 1 will cause a rise in the potential of the cathode 
of 1 and,a corresponding rise at the cathode of V2, 
and, since the control grid of the latter is connected 
to the low side (ground) of the cathode resistor 
made correspondingly negative relative to its cathode. 
‘Thus, when one grid is negative, the other grid goes 
positive, so that the basic requirements for push-pull 
action have been obtained without resorting to the use 
of a separate tube for the phase inversion process. 

While it is true that a condition of unbalance does 
exist in the grid circuit, which is essential to its opera- 
tion, the proper choice of the constants for the differ- 
ent elements results in a substantially uniform output 
from each stage with the two signals 180° out of phase 








Сенту КСА 
Fig. 10-96.—Typical oscilloscope phase inverter, 


with each other. A typical oscilloscope amplifying stage 
of this kind is symbolized in Fig. 10-96, The fre- 
quency-compensating networks have been omitted 
from the plate circuit, The essential difference be- 
tween this input and the one previously described 
that the connection to the control grid of tube V4 is 
above ground, but its junction is along the low side 
of the common cathode resistor so that it is made nega- 
tive relative to its cathode, by a rise in grid voltage 
at V3. 








Courtay Du Mom 
Fig. 10-97.— Typical grounded-grid oscilloscope amplifier. 


A specific example of the grounded-grid system is 
shown in Fig. 10-97. This is found in the Du Mont 
208-B and in other units. As in the previous case, the 
frequency-compensating networks have been omitted. 

A commercial example of phase inversion which 
corresponds to the basic system of Fig. 10-94 is shown 
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in Fig. 10-98A. Tube 7104 is the phase inverter, and 
tubes V105 and V106 are the push-pull stages for 
which the two 180°-out-of-phase signals are required 
зо that push-pull action can take place in the plate cir- 
cuits. 





Courtery RCA 


Fig. 10-98A.— Commercial example ví a phase inverter cor- 
responding to ihe basic type of Fig. 10-94, 


As can be seen in the schematic, 17/05 receives its 
signal voltage from the plate of 704 via the coupling 
capacitor, This affords a signal of a certain instan- 
taneous phase ; for the moment, we can assume it to be 
positive. At the same instant, the control grid of 1106 
receives its signal from the top of the phase-inverter 
cathode resistor, As we stated before, signals at the 
cathode and plate of a tube are 180° out of phase, so 
that the signal fed at the same instant to the control 
grid of V106 is negative. Thus the push-pull grids re- 
ceive signal voltages which are 180° out of phase. 
Now, in addition to the phase requirement is the 
need for like values of signal voltage at the two push- 
pull grids. The attainment of a signal voltage across 
the cathode resistor requires that it not be bypassed to 
ground, which is the case for the plate-load resistor. 
Now as the consequence of the absence of cathode by- 
passing, the development of a signal voltage across that 
resistor is in effect equivalent to a corresponding re- 
duction in the signal voltage at the control grid of that 
tube. This signal is effectively out of phase with input 
signal voltage and thus tends to reduce the signal volt- 
age effective at the grid. This corresponds to degenera- 
tion which very materially reduces the output signal 
from the tube as a whole, The actual signal effective 
at the control grid of tube 104 is the difference be- 








tween the input signal and the signal appearing across 
the cathode resistor. This means that the signal across 
the cathode resistor (which is one part of the output 
voltage) never can be greater than the original input 
signal, and the tube as a whole is not used as a means 
‘of gaining amplification. 

In the usual circuit of this type, the plate-load and 
cathode resistors are of equal value. Since the same 
plate current flows through each, ihe voltage across 
each will be the same, However, because of the wide 
pass-band of this amplifier, unbalance would exist at 
the high frequencies because of unequal shunt capaci- 
tance distribution, At the low frequencies, unbalance 
would exist because of incomplete screen bypassing, 
1n order to provide equal output voltages over a rela- 
tively wide range of frequencies, the plate and cathode 
resistors in the circuit of Fig. 10-98A are made un- 
‘equal to compensate for the unbalancing effects. 

Numerous other versions of phase inverters are to 
be found in modern oscilloscopes, but most of them 
are based on the two systems shown in Figs. 10-94 and 
10-95. There are, of course, many other possibilities 
which may be used, and if they are not to be found 
the oscilloscopes shown herein, they may possibly a 
pear later. 






Advantages of Push-Pull Amplification 


‘The reasons for using push-pull amplification are 
quite numerous. Perhaps the most important of these 
is the desire to establish a balanced condition between 
the deflection plates and the accelerating anode. 
Whereas in the unbalanced (single-ended) arrange- 
ment, one deflection plate varies in potential relative 
to tlie accelerating anode as the deflection voltage is 
applied, in the balanced system (push-pull) one plate 
is made negative just as much as the other plate is 
made positive. This results in a uniform feld between 
the deflection plates and surrounding elements which 
arc at different potentials from it, and the beam re- 
mains in focus as it completes its excursion across the 
screen suríace. Single-ended systems, on the other 
hand, are prone to display defocusing as the extreme 
limits of the beam excurston are reached. 

Another advantage gained by this symmetrical 
method of feeding the deflection voltages is the attain- 
ment of a greater degree of linearity in the deflection. 
Since both plates swing the same amount in the unlike 
potentials, the forces acting on the electron beam are 
the same in both directions and the trace is more linear 
relative to its undeflected position. In connection with 
linearity of the trace, the push-pull system tends to 
minimize even harmonic distortion and its contribution 
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to nonlinearity. The presence of odd harmonic distor- 
tion may influence the characteristics of the trace, but 
it will not impair the linearity of the deflection. 

In addition, the use of a push-pull output stage af- 
fords twice the signal voltage swing of one tube for the 
same supply voltage. This comes about as the conse- 
quence of the action that as one plate swings positive, 
the other plate swings negative by an equal amount, 
and the total swing is the sum of these two. This is 
important when large dimensioned screens are used, 
or, for that matter, with any size screen, since it affords 
a much greater range of output voltages for the mini- 
mum supply voltage. It is a distinct advantage when a 
certain portion of the trace must be investigated and 
greatest readability is attained by spreading the trace 
in either or both directions. 





Phase Relationship Between Input 
and Output Signals 


In describing the association between the polarity of 
the input signal voltage and the direction of deflection, 
we must assume a standard condition, namely that a 
positive swing in input signal voltage will cause an 
upuurd direction of deflection, and a negative swing 
will cause a downward deflection. Since the phase re- 
lationships in a conventional amplifier stage are such 
that the grid voltage will be inverted in phase in the 
plate circuit, the number of tubes which are in the path 
of the signal generally determine the phase of the out- 
put relative to the input signal. The importance on this 
relationship is found in the direction of deflection on 
the screen of the cathode-ray tube. 

In order that the signal voltage at the output of the 
vertical amplifier may produce upward deflection for a 
positive input signal, proper connections must be made 
to the vertical deflection plates, relative to the orienta- 
tion of the cathode-ray tube in the oscilloscope. Fig. 
10-98B(1) shows a positive-pulse input signal to a 
simplified single-stage amplifier. The output of the 
amplifier is connected to the vertical deflection plates. 
of the cathode-ray tube, which is positioned so that a 
positive-going signal at V1 will deflect the beam up- 
ward. Since the amplifier inverts the pulse, the nega- 
tive-going plate signal is applied to deflection plate V2. 
If a two-stage amplifier is used, as in Fig. 10-98B(2), 
the output will be in phase with the input signal. 
Therefore, to produce upward deflection for a posi- 
tive-pulse input, the output of the amplifier is con- 
nected to deflection plate V1. 

Advancing to the generalization of the number of 
stages and the phase conditions, let it be said that am- 


plifiers with an even number of stages will invert the 
phase of the signal between the input and the output 
circuits, whereas amplifiers which employ an odd num- 
ber of stages will generally repeat the phase of the in- 
put signal at the output circuit. The use of positive 
pulses for the input signal is not a limitation of the 
Statement; it is true regardless of the instantaneous 
polarity of the input signal voltage. Moreover, it is 
equally true in either a-c or d-c amplifiers. 
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Fig. 10-98B. — Illustrates 
‘the phase relations in various 
A deflection circuits 
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It is possible, however, to have a number of stages 
in an amplifier, and yet not obtain the phase inversion 
described. This is shown in Fig. 10-98B(3), wherein 
by using phase inversion, a single tube accomplishes 
the phase functions of two individual tubes ; the signal 
voltage is taken off at the cathode resistor. At this 
point, the grid and cathode voltages are in phase, 
whereas the signal voltage at the plate is 180° out of 
phase with the signal voltage at the cathode. 

Because of the possibility of such phase inverter 
systems in an amplifier, snap judgment of the phase 
of the signal at the input to the amplifier cannot be 
based on the direction of deflection as seen on the 
screen, unless the manufacturer of the oscilloscope 
indicates the relationship between the polarity of the 
input signal and the screen deflection. Not all oscillo- 
scopes deflect upward with positive input signals, al- 
though the majority do. 
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Cathode-Follower Input System Circuits 


The earlier reference in this chapter to the cathode- 
follower input system concerned the simpler versions ; 
at this time, we desire to show a more elaborate system 
which is used in some of the special-purpose oscillo- 
scopes. The basis of operation conforms with the pre- 
viously described cathode-coupled phase inversion 
process, except that in this instance the two sections 
of the input tube act together to furnish a signal to the 
succeeding stage in a d-c coupled system. This circuit, 
shown in Fig. 10-99, is a simplified version of the ca- 
thode-follower input in the Du Mont 304 oscilloscope 
and other related models. 








After De Mont 
Fig. 10-99.— Simplifed schematic of a cathode-follower in- 
put system. 


The d-¢ balancing potentiometer is used to adjust 
the d-c levels so that they will be alike at each end 
of the Y-amplitude control. The output to the suc- 
ceeding stage is unbalanced and direct-coupled, but 
the d-c level at the arm of the Y-amplitude control 
remains constant. Triode V1B serves only to keep the 
dcc output balanced. 


Input Probes and Attenuating Cables 

Since the interpretation of a basic oscilloscope must 
of necessity be flexible, it is necessary to associate with 
the vertical amplifier certain accessories, which, while 
not found as a part of every oscilloscope within the 
basic category, may be found with some which can 
rightfully be placed in that classification. Such acces- 
sories are input probes and attenuating cables. In the 
main, these are one and the same thing, although we 
must recognize that in one or two isolated cases the 





input probe may be a different sort of device than the 
one we will describe. This special version will be dis- 
cussed later. For the moment, let us consider the gen- 
eral version of the probe. 

Whether we call the device a probe or an attenuator 
cable, it has two specific manners of behavior ; one is its 
desired purpose, the other is undesirable and unavoid- 
able, although put to use, To understand these uses, 
let us refresh your memory concerning the input im- 
pedance of the usual vertical amplifier. It presents both 
resistance and capacitance to whatever circuit may be 
connected across it. The ideal condition would be the 
highest resistance and the lowest capacitance, Al- 
though these are made a» high as possible and as low 
as possible, respectively, the capacitance may not be 
as low a» may be desired. The input capacitance of the 
average vertical amplifier may range from about 30yuf 
to GOgaf, and the resistance which it presents may be 
from as low as 500,000 ohms to as high as several 
megohms. 

Sometimes these constants are such as to present a 
problem when the oscilloscope is used with certain 
equipments ; the input resistance may be high enough, 
but the input capacitance may be so high relative to the 
device which is to be investigated as to severely load 
the latter, or to modify the character of the voltage 
being observed. To avoid such conditions, some manu- 
facturers make available special cables; these may be 
called probes because of the physical shape of the unit 
at the end of the cable, or simply low-capacitance at- 
tenuator cables. These are intended to be used as the 
connecting link between the device being checked and. 
the regular input to the vertical amplifier. 















(в) 


(A) Courtery RCA, (В) Cowrtery Browning 
Fig, 10-100.—Schematics of two typical input cables. 
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The constants of two of these probes or cables which 
are typical of commercial devices appear schematic- 
ally in Fig. 10-100. The advantage which it affords is 
a major reduction in input capacitance of the vertical 
amplifying system and sometimes a major increase in 
input impedance to as high as 5 megohms. Such a 
probe used with a system rated at SOf input capaci- 
tance reduces the capacitance of the input circuit to 
from 10 to 15ppf. This modification is not effective on 
the actual input of the amplifier, but exists at the input 
of the probe; in effect, the actual input circuit of the 
vertical amplifier is isolated from the device which is 
connected to the input of the probe. 

Such an improvement is not accomplished without 
some sacrifice, this being the attenuating action of the 
probe, hence the alternate name of attenuator cable. As 
a rule, such cables attenuate the signal by a 10:1 or 
20:1 ratio, so that the use of the cable in order to 
reduce the capacitive loading is limited to those in- 
stances when adequate signal level exists. While it 
might be advantageous to use such a probe or cable in 
every case, it is frequently impractical because insuffi- 
cient gain exists in the vertical amplifiers to offset the 
loss in the cable, On the other hand, many applications 
demand such a cable, and it was designed for that pur- 
pose. 

Another version of an input cable supplied with 
some oscilloscopes is known as a direct cable, which 
refers to the passage of the signal from the point where 
the cable is connected to the input of the amplifier, 
rather than to the use of d-c coupling. Such a cable 
affords the facility of a shielded extension of the input 
of the oscilloscope to the point desired, but with a sub- 
stantial increase in the effective input capacitance of 
the system. The added capacitance is that presented by 
the cable, and may amount to from 50 to 200,4. 

Still another version of the oscilloscope probe, and 
definitely different from that which we have illustrated, 
is the cathode-follower unit. This probe contains a 
miniature tube connected as a cathode follower. The 
tube is located at the tip of the probe, the probe tip 
being connected to the control grid of the tube and the 
ground lead beifig connected to the grounded end of 
the cathode resistor, which is located in the probe. The 
input to the vertical amplifier is taken off at the top 
end of the cathode-follower cathode resistor and this 
feeds into the attenuator system inside of the oscillo- 
scope unit. Such a unit affords a substantial input 
resistance and a very low input capacitance. The power 
for the heater of the cathode follower also is contained 
in the interconnecting cable between the probe and 
the chassis of the oscilloscope. The circuit is like the 


cathode follower described earlier as a part of the at- 
tenuator system. 

The oscilloscope end of these special cables and 
probes terminates in a special type of connector, such 
as the Amphenol or Cannon variety, and this is in- 
tended to be plugged into a corresponding female 
socket accessible on the panel. Sometimes the binding- 
post connections which serve the input of the vertical 
amplifier also join with the “probe input” connector 
the oscilloscope, so that either may be used with 
minimum changes. It must be remembered, however, 
that the binding-post junction exists in the event that 
the “high” terminal is connected to some device, be- 
cause the lead would short out the attenuating system 
if the “high” side of the attenuator probe also made 
contact with the same signal point. 

Some ostilloscopes provide a switch at the input to 
the vertical amplifier which selects between binding- 
post input and probe input. In the latter case, the 
"high" binding post for the vertical amplifier is dis- 
connected from the input of the vertical amplifier. 








CIRCUIT FEATURES OF THE HORIZONTAL 
AMPLIFIER 


It is possible to treat the horizontal amplifier as com- 
pletely as we have its vertical counterpart, but if this 
жеге done, many subjects common to both would be 
repeated. It therefore seems most expeditious to sim- 
ply refer back to the vertical amplifier for those details 
which are common to both. It is only natural that 
many circuit conditions and features found in the 
X-axis amplifier should be the same as those in the 
Y-axis amplifier. 


Horizontal Amplifier Bandwidth 


‘There was a time, during the early days of oscillo- 
scope use, when certain definite distinctions were made 
between the vertical and the horizontal deflection am- 
plifiers. They differed in gain as well as frequency 
response in almost every instance, because of the com- 
paratively limited use of the device as a whole, Al- 
though the above is still generally true, the horizontal 
amplifier in many instances possesses performance 
characteristics which very closely approximate those 
of the vertical amplifier. If a line is to be drawn which 
ay indicate where these two amplifying systems de- 
part in pass-band ratings, we might say that it begins 
with the oscilloscopes which have vertical amplifiers 
with band-pass characteristics of about 1.0 Mc and 
higher. In elaborate devices of this type, the horizon- 
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tal amplifiers do not equal the vertical amplifiers in 
performance specifications. In those oscilloscopes with 
top frequency ratings below 1 Mc, both the horizontal 
and vertical amplifiers frequently offer similar band- 
pass response. 

‘The factor of economy is a very important one in all 
of these units, especially when the probable uses are 
taken into account. As we described earlier, the gen- 
eral run of waveforms which are generated by the 
time-base oscillator make less demands upon the re- 
lated amplifying system for proper reproduction than 
signals which may be fed into the vertical system. 
Therefore, the added cost involved in making the hori- 
zontal amplifier design equal to the vertical amplifier 
performance above 1 Mc is most certainly not worth- 
while. In those devices which might have more general 
appeal for limited use, such as maintenance applica- 
tions, there is no need for elaborate designs beyond a 
certain point ; this is reached when both the horizontal 
and vertical amplifiers have band-pass characteristics 
which will accept signals up to from perhaps 100 kc to 
about 500 kc, depending on the specific design of the 
instrument, 





Horizontal Amplifier Input Impedance 

As far as the input impedance is concerned, the 
problem is much simpler and no special effort is re- 
quired in order to make the input-circuit constants of 
the horizontal amplifier equal to those of the vertical 
amplifier, even if the remaining performance ratings 
of the former are inferior to the latter. Consequently, 
while the demands of the time-base oscillator are less 
important relative to the input impedance of the hori- 
zontal- amplifier, it will be found that this operating 
constant very closely approximates, if not equals, the 
input constants of the vertical amplifier in virtually all 
oscilloscopes. 


% versus Y-Amplifier Circuits 

There are numerous points of similarity between the 
X- and Y-axis amplifiers. These do not warrant much 
discussion, although we might mention in general 
terms what they are. For example, both single-ended 
and push-pull stages are to be found in the horizontal 
amplifier and their basic design is the same as that of 
the vertical system. The degree of frequency compen- 
sation may not be as great, but since this is not re- 
quired for the proper transfer of the time-base voltages 
to the deflection plates, it is carried out only to a lim- 
ited extent. As to the reasons for the use of any one 


system, whatever may have been said about the vertical 
amplifier also applies to the horizontal amplifier, be- 
cause, in the final analysis, the ultimate destination of 
the output of the horizontal amplifier is beam deflec- 
tion. The need for the retention of proper focus, free- 
dom from effects of supply-voltage variations, maxi- 
mum beam swing for minimum supply voltage, in fact, 
all of the operating conditions desirable in the vertical 
system are duplicated in the horizontal-deflection sys- 
tem by circuits which are virtually the same in both. 

‘The organization of these amplifying systems does 
not differ greatly from that of the vertical amplifiers, 
‘The input systems may or may not use step attenua- 
ators; this again is a matter of individual oscilloscope 
design. Usually the arrangement found in the Y-am- 
plifier is incorporated in the X-amplifier, simple or 
elaborate, whichever it may be. 

Concerning the performance of the horizontal am- 
plifier, one item warrants attention, frequency discrim- 
ination and change in waveshape due to the attenuator 
setting. As a system, neither the horizontal nor the 
vertical amplifier can distinguish between signals of 
different waveshape which are fed into them. There- 
fore, any system which can affect the composition of a 
nonsinusoidal signal can do so regardless of where it 
may be used. Thus, the attenuator used in the ho 
zontal amplifier merits consideration in connection 
with its effects on signals fed into it, 

If we imagine the horizontal amplifier being used to 
feed a square wave or similar pulse to the horizontal 
deflection plates, everything we said relative to the re- 
quirements of the vertical amplifier is true. In fact, the 
probability exists that because of the limited response 
of the horizontal system, the range of fundamental fre- 
quencies which may be passed into the horizontal am- 
plifier and still be free of distortion will generally be 
less than that for the Y-amplifier. Since this is more 
apt to be true as the bandwidth of the vertical ampli- 
fier increases, it is most important to recognize the 
limitation of the horizontal amplifier. Otherwise, de- 
graded quality of reproduction may be experienced. 

The fact that the primary function of the horizontal 
amplifier is the amplification of sawtooth waves greatly 
determines the response of the amplifier. You will re- 
call an earlier remark that acceptable square-wave 
reproduction requires the presence of approximately 
ten odd harmonics, whereas the sawtooth wave re- 
quires a total of ten harmonics of the fundamental for 
an acceptable facsimile. This explains why the fre- 
quency range of the sawtooth oscillator in an oscillo- 
scope is so high in comparison with the square-wave 
frequency response of the amplifier. 
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It is interesting to note that probe and attenuator 
cables are not used with horizontal amplifiers ; they are 
intended primarily for the vertical system. 


‘The Horizontal Gain Control and Sweep Amplitude 


Although we have not yet discussed the time-base 
oscillator other than in a perfunctory manner earlier 
in this chapter, we can at this time examine the be- 
havior of the horizontal gain control on the sawtooth 
wave fed to the horizontal-deflection plates. The effect 
we have in mind is the change in shape of this voltage 
during its passage through the horizontal amplifier, 
and not any effect which the horizontal-amplifier gain 
control may have on the time-base oscillator. 





Fig. 10-101.— (A) and (B) substantially linear sawtoothe 
resulting from ordinary positioning control ) and 
(D) non-linear sawtooths resulting from posi- 


The reason for this discussion is the equipment 
specification which states the possible expansion of the 
sweep amplitude relative to the dimensions of the 
screen. Conceivably this might be considered a part of 
the time-base oscillator discussion, but since ће ош- 
put of this oscillator is constant, and the sweep ampli- 
tude is a function of the amplifier gain control, we treat 
it here, The expansion of the sweep amplitude beyond 
the limits of the screen is an important performance 
capability of every oscilloscope, because it is the means 
of studying one portion of the trace, which otherwise 
might be too small. Some oscilloscopes afford a sweep 
amplitude as much as six times the screen diameter, 
whereas other oscilloscopes may limit this expansion 
to twice the screen diameter. 









‘The ability to expand the sweep beyond the 
of the screen diameter and still retain the desired cha: 
acteristics of the sawtooth is a function of the hori- 
zontal amplifier design; the requirement is that the 
input stage be capable of accepting the full swing in 
signal voltage which corresponds to the expanded 
sweep on the screen. 

Oscilloscope design is such that the expansion of the 
sweep within the rated limits as set forth in the speci- 
fication, as for example four or five times the screen 
diameter, can usually be attained without difficulty or 
alteration of the linearity of the trace. As a matter of 
fact, as shown in Fig. 10-101, which is typical of most 
instruments, the portion of the sweep which remains 
on the screen regardless of the settings of the position 
control usually will be sufficiently linear to develop a 
satisfactory trace for study purposes. This is shown 
as (A) and (B) in Fig. 10-101. It is only when ex- 
treme conditions are created, that is, when the ho: 
zontal-positioning voltage (also applied to the hori- 
zontal amplifier) tends to move the spot completely 
off the screen or to its extreme limits, that the trace is 
badly distorted and made nonlinear. This is shown as 
(C) and (D) in Fig. 10-101. 

‘The important thing to bear in mind in connection 
with these facts is that each oscilloscope is designed to 
afford a certain range of sweep amplitude via the hori- 
zontal gain control, and that this information is a part 
of the specifications. If these limits are exceeded, the 
horizontal amplifiers will be overloaded, but if the 
sweep amplitude is not made too great, there will re- 
main a portion of the scanning trace which will be 
linear and will be suitable for the development of a. 
pattern. This will be true only if the positioning con- 
trol is set so as to leave a trace across the screen, If the 
positioning control is advanced so far that only a seg- 
ment of the trace is on the screen, the trace will be 
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badly distorted. The ends of the trace at either the 
right or left edges of the screen are the overloaded por- 
tions of the sweep voltage, and will not be suitable as 
time-base voltages. 

It might be advisable to mention that much better 
results will be obtained at all times if the midportion 
of the sawtooth time-base voltage, rather than the 
limits of the voltage swing, is used for observation of 
the trace on the screen, This is why the recommenda- 
tion is made to always set (if possible) three cycles of 
a voltage on the screen and to use the center cycle for 
study purposes. Such a trace may be expanded to the 
maximum and if only the middle cycle remains on the 
screen, the other two being beyond the limits of the 
screen, adequate linearity of the sweep will prevail and 
critical study will be possible, 

All of this leads to the conclusion that the action of 
even the simple horizontal gain control on the saw- 
tooth time-base wave is not as critical as in the case of 
the square-wave voltage applied to the input of the ver- 
tical amplifier. But, if the horizontal amplifier is used 
for the amplification of a square wave or a rectangular 
pulse, then all that was said about the frequency-dis- 
criminating action of the vertical-amplifier gain con- 
trol is applicable to the horizontal gain control. In 
making these statements we are not denying the pos- 
sible action of frequency discrimination in the hori- 
zontal amplifier. Earlier we stated that frequency com- 
pensation is found in both amplifiers and it is always 
important to maintain the proper characteristics of the 
sawtooth sweep voltage. The fact that its frequency 
demands are not as severe as for other forms of non- 
sinusoidal waves does not lessen the need for the pres- 
ence of the range of frequencies required for suitable 
wave reproduction. 

So much for the general details about the horizontal 
amplifier. Other significant features of this section of 
the oscilloscope will be dealt with separately after the 
discussion of the time-base signal. The correlation be- 
tween these systems can best be accomplished after the 
sweep system has been analyzed. 








THE TIME-BASE GENERATOR 
(REPETITIVE SWEEP) 


Since Chapters 9 and 11 cover the cireuits and 
‘operation of the variable time-base oscillator, it is un- 
necessary for us to dwell at great length upon either 
the fundamental action or the specific circuits which 
are used, We shall focus our interest upon the general 
conditions of performance in the commercial oscillo- 
scopes. 


‘The variable-frequency sweep circuits found in os- 
cilloscopes may be classified in two groups. One of 
these is the recurrent or repetitive sweep, whereas the 
second category is the monrepetitive or triggered 
sweep. We have shown that in the basic oscilloscope 
the variable-frequency time-base oscillator produces 
the first type of sweep voltage. This is the sawtooth 
voltage which repeats its cycle of operation as long as 
the operating voltages are applied to the circuit, and in 
so doing will repeat the presentation of the signal trace 
as long as the voltage to be examined is fed into the 
vertical amplifier. 


(А 


Fig. 10-102—(A) is 
the trace of a sawtooth 
deflection voltage, and 
(B) is the sawtooth 
Stare plotted against 





(e 


By itself, the time-base oscillator voltage appears as 
a straight line across the face of the tube, oriented hori- 
zontally, as shown in Fig, 10-102A. If the shape of this 
voltage were examined, it would appear as in Fig. 
10-102B. The correspondence between the trace on the 
screen due to the application of only the sweep voltage, 
and the portion of the sweep voltage cycle which is pro- 
ductive of the time-base trace is shown by the dotted 
lines which join curves (A) and (B). From this, it 
becomes evident that the movement of the spot across 
the screen, in this case from left to right, is a function 
of the electrical circuits between the output of the hori- 
zontal amplifier and the two deflection plates. The start 
of the sweep point a corresponds to the most negative 
level of the sweep voltage a’, and the end of the sweep 
b corresponds to the most positive level U^ of the sweep. 
voltage. Whether the sweep will move from the left to 
the right, or in the reverse direction, is dependent upon 
which of the two horizontal plates is positive relative 
to ground. In virtually all oscilloscopes, the polarity of 
the deflection plates is such that the time-base voltage 
trace begins its excursion at the left side of the tube 
face and advances toward the right. 
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Having traveled across the screen, the spot must 
return to its starting point so as to begin a new sweep. 
‘This is the retrace and takes place during the time in- 
terval b'-c' in Fig. 10-102B. This is not evident on the 
screen when vertical deflection is absent because it 
follows the same path as the forward trace. It is, how- 
ever, very much in evidence in most instances when 
vertical deflection is applied and its path is determined 
by the portion of the cycle of the vertical deflection 
voltage which prevails during the retrace period. Re- 
ferring to (B) in Fig. 10-102 the cycle of the sweep 
voltage is the time between a' and c', or the forward 
trace plus the return trace. The interest lies in the rela- 
tive time intervals of a'-/ and b'-c', or the ratio of the 
time of the forward trace and the time of the retrace. 
As a general rule, the retrace time consumes from 
about two per cent to ten per cent of the total cycle 
time, sometimes more. 

Obviously, the less the retrace time relative to the 
forward trace time, the less the portion of the display 
which is lost for observation or study. Since the retrace 
time is always finite, and since this period is not the 
same in all cases, sometimes not even being known be- 
cause it is not stated in the literature which describes 
an oscilloscope, it is always best to place several cycles 
of the voltage under investigation on the screen. The 
portrayal of one cycle is not generally satisfactory be- 
cause of the distortion introduced by the part of the 
cycle that is lost due to the retrace. The presence of a 
single cycle on the screen would be satisfactory for ex- 
amination purposes if the retrace time were ideal, that 
is, zero, But since this cannot be achieved, at least three 
cycles should be present on the screen. We mentioned 
this earlier in the text, but in this chapter we show the 
reason behind the statement. м 

In Fig. 10-103 are shown oscillograms made on two 
different oscilloscopes which differ widely in their 
characteristics. One is considered in the category of a 
television research oscilloscope, whereas the other is a 
maintenance instrument having reduced bandwidth 
and a lower frequency range for the time-base oscil- 
lator. In parts (A) and (B), the signal applied to the 
vertical deflection plates had a frequency of 40 ke. With 
three cycles on the screen, the sweep frequency was 
40,000/3 or 13,333 cycles. These two periods corre- 
spond to 25 microseconds and 75 microseconds, ге- 
spectively. In (A), that for the research oscilloscope, 
about 0.3 cycle is taken up by the retrace, so that the 
retrace period is 25 X 0.3, or 7.5 microseconds ; for the 
maintenance oscilloscope (B), about 0.5 cycle is taken 
up by the retrace, which corresponds to approximately 
12.5 microseconds. From the viewpoint of the portion 











Fig. 10-103—Illustrating the variation in the appearance 
of the return trace of a signal when displayed on different 
‘oscilloscopes. In (A) and (B) the has a trequency of 
40 kc. In (C) and (D) a 70-kc signal is used. 





of the sweep cycle occupied by the retrace, these two 
examples show about 10 per cent in the first case and 
about 17 per cent in the second instance. 

A different condition develops on these two oscillo- 
scopes when the signal and sweep frequencies are 
changed. In Fig. 10-103C and D are shown oscillo- 
‘grams for the research and maintenance instruments, 
respectively, with a 70-ke input signal. The sweep con- 
trols in each oscilloscope were set so that a like number 
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of cycles are displayed on the screen. In each case 9 
loops are visible on the upper part of the trace and 10 
loops on the lower part of the trace. It might seem from 
this condition that both oscilloscope sweeps were ad- 
justed to the same frequency, 7 ke. Actually that is not 
true. The sweep system shown in Fig. 10-103C was 
adjusted to the frequency as indicated by the nine pri- 
mary loops and the return trace loop also located on 
the upper part of the display, thus making ten complete 
cycles, In Fig. 10-103D, however, there are ten pri- 
mary loops and 1 return-trace loop on the lower part 
of the trace ; on the upper part, there are nine primary 
loops and 2 return-trace loops, thus indicating the 
sweep frequency is 70/11, or 6.36 ke. Comparison of 
the sweep systems for frequency must therefore take 
the return trace into account. 

Numerous conclusions can be drawn from this pres- 
entation. It is obvious that the time of the return trace 
in Fg. 10-103D is much greater than that of the return 
trace in Fig. 10-103C. The latter is about 1.5 cycles of 
the signal frequency, whereas the former is a small 
fraction of a cycle. Since a 70-kc wave has a cyclic 
period of about 14 microseconds, the return trace in 
‘one case is less than 7 microseconds, whereas in the 
other case it is more than 20 microseconds. 

Oscillograms of the retrace-time period displayed 
herein lead to the conclusion that it decreases with the 
increase in sweep frequency, which is natural, since the 
higher the charging frequency in a repetitive system, 
the lower must be the discharge period in order to per- 
mit the increased speed of charging. 


‘Visibility of the Retrace 


The visibility of the retrace is determined by two 
conditions — its period and the portion of the cycle of 
the signal over which it is active. The velocity of the 
spot as it describes a cycle of the signal wave is a func- 
tion of the frequency of the wave, but regardless of fre- 
quency, different parts of the cycle are traversed at 
different speeds. This is shown in general terms in Fig. 
10-104 as applied to a sine wave. The point at which 
the spot is traveling fastest is where the greatest change. 
їп voltage with respect to time is taking place in the 
wave, this being the point where the sine wave passes 





Fig. 10-104.—lllustrat- 


ing spot speeds at different 
parts of a sine-wave trace. 





through its zero value. After passing through zero, the 
rate of change gradually decreases and the velocity of 
the spot gradually decreases, until it is moving most 
slowly at the instants that the wave reaches its maxi- 
mum amplitudes. 

This condition does not display any visible effects 
when the frequency is comparatively low, but when the 
signal frequency is very high, the effect of the different 
beam velocities is evident on the screen in the uneven 
brilliance of the trace. The trace is brightest at those 
points where the electron beam is moving across the 
screen most slowly, thus allowing maximum excitation 
of the screen material, and it is dimmest at those points 
where the beam is moving most rapidly. This explains 
why, in certain cases, only the peak amplitude points of 
a cycle of the wave are visible on the screen, these being 
the points which are traced by the slowly moving beam. 
An example of this is shown in Fig. 10-105. 





Fig. 10-105.— Showing different trace visibilities resulting 
from different spot speeds at different parts of a trace, 


Such a condition is easily seen in the display of high- 
frequency square waves wherein the rise to maximum 
amplitude is too rapid to permit proper excitation of 
the screen. The result is that frequently only the con- 
ide points of the trace are visible as a series 
of parallel lines. This can be seen in the square-wave 
patterns which appeared earlier in this chapter. 

Now referring once more to the return trace, it is 
understandable that if the return trace takes place on 
that portion of the signal cycle which corresponds to 
the greatest rate of change in amplitude, and the elec- 
tron beam is moving most rapidly in the vertical direc- 
tion, the return trace may not be visible as it completes 
its entire path. It may become visible at points where 
the electron beam is slowing down, but at the high- 
velocity points it may not be seen at all. 

Concerning the visibility of the return trace, for that 
matter the complete cycle of a display, the greater the 
accelerating-anode potential, the greater will be the 
likelihood of a completely visible pattern. This ex- 
plains why the higher the intended frequency of opera- 
tion, the higher must be the accelerating-anode voltage. 
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in order to afford the required excitation of the screen 
material during the high-velocity beam excursions. 
These subjects relate to the writing speed of the elec- 
tron beam. This is a separate subject and is discussed 
later in this chapter. 


Blanking of the Retrace 

The sweep retrace is not always visible on the screen. 
Fundamentally its purpose is to return the electron 
beam to its starting point for the next forward sweep, 
but this purpose does not require that it be present. 
Consequently, some oscilloscopes are designed so as to 
keep the return trace off the screen at all times. The 
return trace is blanked out by arranging that the beam 
intensity become so low during the retrace time as to 
be invisible on the screen. 





Return trace blanking is a facility which most oscil- 
loscopes afford. In some instances, the related controls 
must be set to the blanking position ; in other instances, 
blanking is a fixed condition in the device. The means 
of accomplishing blanking differs in different oscillo- 
scopes, but in the main, two methods are used. One of 
these is the application of a momentary high negative 
voltage to the control grid of the cathode-ray tube, 
cutting off the electron beam. This conforms to the 
earlier reference to beam intensity or Z-axis modula- 
tion. By securing the blanking voltage from the sweep 
system and by proper shaping in a supplementary cir- 
cuit (if one is used), the period of beam cutoff can be 
made to coincide with the period of the retrace, inclu- 
sive of whatever changes may occur in the retrace time 
as the sweep frequency is varied. The coincidence be- 
tween these two actions is depicted in Fig. 10-106. The 
second method is equally effective and consists of mak- 
ing the cathode of the cathode-ray tube momentarily 
highly positive, by means of a positive pulse, which is. 
the equivalent of making the control grid more nega- 
tive, 

‘The sawtooth voltage is passed through a differen- 
tiating circuit such as is shown in Fig. 10-107. The 
circuit components are C and R. C, is very large com- 
pared to C, and serves only as an a-c bypass, placing 
the lower end of R at ground potential. During the 
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Fig. 10-107—Differentiating circuit producing blanking 
voltage. 


linear rise in voltage a-b (see Fig. 10-106), the current 
through the resistor is constant and the resultant volt- 
age drop is constant, although of such comparatively 
low value as to not alter the bias on the control grid. 
During the retrace period b-c, the rate of change of the 
current is very much more rapid and the discharge of 
C results in a high current through R, and therefore, 
a high voltage drop across that element. This drop is 
applied to the control grid in series with the regular 
grid bias and makes the grid very much more negative 
relative to the cathode, thus effectively cutting off the 
electron beam and extinguishing the spot on the 
screen. 

By adjusting the potentials properly, the additional 
bias necessary to cut off the beam is reached shortly 
after the start of the return trace, assuming that the 
change from the forward trace to the return retrace is 
abrupt as illustrated. The cutoff condition remains dur- 
ing the entire retrace period. In fact, in most instances 
it remains there for a short period after the forward 
sweep has begun. This can be seen by noting the condi- 
tions of bias during the period c-d in the illustration. 
‘The presentation given may seem exaggerated, but in 
reality it is not so, because the action of blanking in vir- 
tually every practical case is such as to reduce the hori- 
zontal dimension of the trace on the screen, This does 
no harm because the horizontal amplitude control can 
be varied to give the desired trace length. 

The reduction in trace length due to blanking is a. 
function of the linearity of the sweep voltage. The 
more linear the sweep voltage during its cycle, and the 
shorter the flyback time of the sweep voltage, with the 
necessary abruptness at the maximum positive and 
maximum negative points, the less will be the reduc- 
tion in horizontal length due to the blanking. On the 
other hand, and this might be said to be more fre- 
quently found at the higher sweep frequencies, the 
Poorer the shape of the sweep voltage, that is, rounded 
corners at b and c, the greater the portion of the sweep 
which is made ineffective by the blanking action. With 
a badly distorted sweep voltage, the blanking action is 
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capable of reducing the effective sweep length to about 
one-half of that which is normal. 

‘The magnitude of blanking voltage necessary to ac- 
complish the desired result is a function of the indi- 
vidual cathode-ray-tube operating parameters. Some- 
times it is made variable by being passed through an 
amplifier whose gain can be controlled, and in many 
cases, the blanking circuit is a compromise between 
the limits set by the output of the sweep system at the 
lowest and highest frequencies. An arrangement of this 
type naturally is not as effective as the one wherein the 
amplitude of the blanking voltage may be controlled 
so as to afford the minimum effect on the trace length. 

An interesting characteristic of blanking is shown in 
Fig. 10-106, between points d and e on the forward 
trace. Note that the cutoff voltage is reached at the 
point d, and that between d and e the control grid is 
becoming progressively less negative. It is only at e 
that the grid has reached its normal potential, so that 
the beam intensity and the spot luminosity increases 
gradually from d to e. This is evident in Fig. 10-108, 
which shows the difference in the appearance of the 
trace with and without blanking. Oscillogram (A) de- 
picts a 70-ke wave with the sweep voltage adjusted to 
5 kc, ratio of 14:1. Thirteen primary loops are visible 
at the bottom of the trace and the fourteenth loop ap- 
pears on the return trace. 

Fig. 10-108B is for the same conditions except that 
the return trace has been blanked ; the fourteenth loop 
is missing and if an attempt were made to determine 
the frequency of the sweep relative to the frequency of 
the signal fed into the vertical plates, a misleading an- 
swer would be forthcoming. Now the ratio would af- 
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r. 10-108 Typical sive (A) without blanking and 
eee 0 blanking 








Fig. 10-109—Intensity modulation, (A) with modulation 
frequency twice the signal frequency, (B) with modul 
frequency six times the signal frequency, and (C) with 
lation frequency ten times the signal frequency. 








pear to be 13:1, which is actually not the case. There- 
fore, if the sweep frequency is to be determined rela- 
tive to a known frequency fed into the vertical plates, 
blanking should not be used. While this suggestion is 
general in its application, we recognize that in some 
oscilloscopes the return trace has an extremely short 
period and blanking would not exceed a fraction of a 
single cycle, therefore, identification of frequency ratios 
could be accomplished even with blanking. Neverthe- 
less, greatest ease of computation is attained when 
blanking is removed. 

It may appear from Fig. 10-107 and the discussion 
which accompanied it that blanking of the trace is lim- 
ited to the sweep retrace. Such is definitely not the 
case. Any portion of the trace may be blanked out by 
appropriate means, which simply means that, at the 
proper instant, the control grid is made sufficiently 
negative to extinguish the beam. For example, in Fig. 
10-109 are shown three oscillograms illustrating 
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blanking or intensity modulation although the purpose 
of the action may be entirely different from the reason 
for blanking the retrace. At the moment the reason is 
secondary to the means, although it can be said that 
sometimes some sort of marker indications represent- 
ing time or some other quantity may be desired on the 
trace, and blanking is one of the two means of placing 
such markers on the trace. 

Oscillogram (A) depicts a sine wave of voltage ap- 
plied to the deflection plates of a cathode-ray tube when 
the sweep frequency is one-third of that of the deflec- 
tion signal and a sine wave of voltage is applied to the 
control grid of the cathode-ray tube for blanking the 
beam twice during each deflection-voltage cycle. This 
‘means that the blanking signal frequency is twice the 
deflection-signal frequency. Since the grid is made 
more negative than normal in order to achieve blank- 
ing (or the cathode is made more positive), it is the 
negative peaks of the blanking signal which are effec- 
tive in creating this type of pattern. 

‘Two other illustrations of blanking are shown in 
Fig. 10-109 B and C. In the former case, the blanking 
signal has a frequency equal to six times the deflection- 
voltage frequency. This is indicated by the presence of 
six blank spaces in each cycle of the trace. Oscillogram 
(C) displays a 10:1 frequency relationship between 
the blanking signal and the deflection voltage. In both 
illustrations, the blanking voltage is a sine wave and 
the pattern was developed by utilizing the negative 
peaks to drive the control-grid potential beyond cutoff. 





á————— 
ring fa Ра Чоло) = еа wt 


The period of blanking, or the period during which 
the beam is extinguished, occurs twice during each 
cycle of the deflection signal in (A) because two nega- 
tive peaks of the blanking signal occur during each 
cycle of the deflection voltage. The time intervals of 
these periods determine the portion of the deflection 


signal which is blanked out. This is illustrated in Fi 
10-110, wherein are shown the vertical-deflection sij 
nal and the blanking signal, as well as the control-grid 
potential. The starting phase of these two signals is 
such that the blanking signal leads the deflection volt- 
age by 45°. If you compare the heavy lines of curve 
(A) with Fig. 10-109A, you will note the correspond- 
ence between the blanked portions of the two traces. 
‘You can readily see that a difference in starting phase 
between the deflection signal and the blanking signal 
can change the portion of the cycle which will be 
blanked. Another controlling factor is the relative level 
of the grid potential and the cutoff voltage with respect 
to the amplitude of the blanking signal, The higher the 
peak value m of the blanking signal relative to the cut- 
off voltage m, the greater will be the portion of deflec- 
tion signal which will be blanked. This can be visual- 
ized by noting the projection of the dimension o onto 
the deflection signal. The greater the ratio of m to n, 
the wider the dimension o and the greater the time dur- 
ing which the blanking signal keeps the grid cut off. 

An interesting condition is evident in Fig. 10-109B 
and C. You can see that the segments of the trace 
which describe the cycle are not uniform. This stems 
from the fact that the velocity of the electron beam is a 
function of the rate of change of deflection voltage. The 
greatest rate of change takes place each side of the zero 
axis and it is here that the velocity of the deflected 
beam is greatest; it is slowest at the top. Since the hori- 
zontal displacement is linear throughout the cycle, 
movement of the spot will be greatest where the rate 
of change is greatest and will be least where the rate 
of change is the lowest. Hence the trace lengths on the 
slopes of the cycle are longer than the trace around 
the peaks. 

Another interesting condition which appears in Fig. 
10-109 is that relating to the return trace. In (B) of 
this figure, the return trace has been blanked, which 
means that the blanking action at the grid can be of 
widely different time intervals depending entirely upon 
the operating parameters of the circuits which feed the 
controlling signals to the control grid. In this case, the. 
sweep-retrace blanking signal came from one source 
and was applied to the grid, and the other blanking 
signal came from an entirely different source and was 
applied to the same control grid. 

In Fig. 10-109C the retrace was permitted to remain 
and it is evident that the sine-wave blanking signal 
acted on the retrace as well as on the forward trace. 
This is indicated by the gaps in the retrace pattern. 
Knowing that the sine-wave blanking signal blanked 
the vertical-deffection signal ten times in each cycle, 
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the presence of four blank spaces in the retrace indi- 
cates that the period of the retrace was equal to four- 
tenths of the period of one cycle of the vertical signal. 

‘The use of such a sine-wave blanking signal is one 
means of distinguishing between two traces, which ap- 
pear simultaneously on the face of a dual-beam tube. 
‘These two traces may indicate actions in different parts 
of a circuit, current or voltage relationships, or any 
other two quantities. By applying a sine-wave blank- 
ing voltage with a frequency which is high relative to 
the frequency of the voltage applied to the vertical- 
deflection plates, the gaps in the trace can be made so 
small as to show no visible interruptions, yet enable 
instantaneous identification of which display is which. 
A typical example of this is shown in Fig. 10-111 


Markers by Blanking 


The two kinds of blanking signals shown so far are 
not representative of the full range of varieties which 





10-112.— Checking the linearity of a trace by timing 
m 


may be employed or encountered. For example, mark- 
ers may be placed on a time-base trace so as to check 
its linearity by making the blanking voltage a series of 
sharp pulses of short duration and of a specific repe- 
tition frequency. With the frequency of the blanking 
pulse known, the time interval between blanks in the 
trace can be calculated easily. If the sweep trace is 
linear throughout its length, the blank spots will be 
‘equidistant from each other as shown in Fig. 10-112. 
If the separation between them is not equal, the degree 
of nonlinearity can be determined. Such pulses can be 
developed by differentiating a square wave and clip- 
ping either the positive or negative portion, depending 
‘on whether the blanking is applied to the control grid 
or to the cathode. 


Markers by Intensity Modulation 

There are some who insist that blanking and inten- 
sity modulation are one and the same thing. Personally, 
we do not agree, simply because we consider the beam 
as the basis of the comparison. By definition, intensi 
modulation is the process of conveying some intelli- 
gence by varying the intensity of the beam ; the differ- 
ence in intensity being the means of obtaining the in- 
telligence. 

The practical difference between blanking and inten- 
sity modulation as we sce it is that in the former case 
the normal operation of the cathode-ray tube demands 
that the electron beam be active and a trace be initially 
present on the beam. Any modulation of this beam by 
decreasing its intensity, that is, extinguishing the beam, 
is blanking. The second process, which we consider 
intensity modulation, is operation such that the elec- 
tron beam is normally extinguished ; when modulation 
is applied, the trace appears on the screen. The extent 
to which the beam is extinguished does not matter; it 
can be completely cut off or its intensity reduced to 
where it is just barely visible. In either case, the basic 
conditions for blanking and intensity modulation are 
different. In the former, the trace is removed from the 
screen by the control signal, and in the latter, it is put 
on the screen by the control signal. In blanking, the 
control grid is driven to and beyond cutoff; in inten- 
sity modulation, the control grid normally is at or be- 
yond cutoff and is driven above cutoff. 

The appearance of the trace on the screen during 
intensity modulation can be the same as for blanking. 
The choice of one process over the other process of 
developing a trace is one of purpose, convenience, econ- 
‘omy of operation, cathode-ray-tube life, and other re- 
lated details. It is understandable that a screen without 
any signal display on it is easier on the eye for a period 
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of observation than one on which traces are present and 
intelligence appears when they are removed. It is more 
effective to convey intelligence by making something 
which has been absent appear on a screen. Hence the 
use of intensity modulation in numerous applications 
which involve short signal duration conditions, or long 
hours of observation. Many radar displays make use 
of intensity modulation. 

Patterns such as those shown in Fig. 10-109 can just. 
as readily be duplicated by intensity modulation as by 
blanking. All that would be necessary is to change the 
normal operating point of the control grid so that by 
virtue of the bias applied, the normal operating condi- 
tion is the beam extinguished. 














Fig. 10-113.—Modulation and signal voltage relations neces- 
sary to produce the trace of Fig. 10-109(A). 


The development of a trace, similar to that shown in 
Fig. 10-109A, by intensity modulation applied to the 
cathode would be done as shown in Fig. 10-113. Here 
the normal potential of the cathode without any modu- 
lating signal input is sufficiently positive relative to the 
control grid that the latter is beyond cutoff and keeps 
the beam extinguished. The modulating voltage is ap- 
plied to the cathode and its polarity is such that, for 
the period f, it applies a gradually increasing negative 
potential to the cathode, thus driving the control grid 
above cutoff and permitting the beam to exist. The 
beam, therefore, would trace out the heavy-line pattern. 
Then as the modulating voltage rises in the positive 
direction, the beam will again be extinguished and 
remain that way during the period o. If the modulating. 
signal were removed entirely, the beam would remain 
extinguished since the normal operating potential ap- 
plied between the cathode and control grid is such, in 
this example, as to keep the beam cut off, 

The process of marking by increasing the intensity 
of the trace at certain prescribed instants is accom- 


plished by increasing the beam density. Either the 
cathode or control-grid voltage is varied in such man- 
ner as to increase the number of electrons in the beam. 


Fig. 10-114—Intensity mod- 
ion by increasing the trace. 


ulation 
intensity. 


An example of this is shown in Fig. 10-114, Here a 
conventional sweep trace is intensified at five intervals. 
It isa means of checking linearity of the sweep system, 
but the technique may serve any number of purposes of. 
identification. The apparent increase in line width at 
the moments of beam intensification is due to two ef- 
fects. One of these is associated with the conditions set 
forth while making this illustration. The intensity of 
the trace prior to intensification was purposely kept 
below normal so as to show most clearly the increase in 
beam intensity as the marker signals were applied. The 
other is the general condition that intensification does 
produce a beam of greater diameter, especially when 
the intensity and focus controls are preset for optimum 
beam dimensions, 

A combination of the electrical conditions described 
in connection with Figs. 10-113 and 10-114 might be 
said to be the basis of producing such patterns as were 
shown in Fig. 1-9D, the radar screen which depicted 
the Hudson River near New York City. Each dot of 
light on that screen is a reflection from the target and 
is applied to the cathode-ray tube in such manner as to 
intensify the beam, which otherwise is either extin- 
guished or if it is producing a circular scale of distance 
from the screen to the target, is of relatively low in- 
tensity. 

As in the case of blanking, the shape of the voltage 
which may be used for intensity modulation varies, 
being determined by the manner in which the beam is 
to be turned on and off, and for what periods these 
states are to prevail. The use of sine-wave intensity 
modulation is a very simple example and not neces- 
sarily typical of the major application of intensity 
modulation. Admittedly, the facility is not generally 
available in the simplest of oscilloscopes. However, as 
in the case of blanking, provision for intensity modu- 
lation is to be found in numerous oscilloscopes, which 
are not too different from the basic variety, 








Triggered Sweeps 

The two examples of time-base voltages discussed 
so far were of the repetitive character. The fact that 
their waveforms were different, one being sinusoidal 
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and the other sawtooth, does not matter. These volt- 
ages repeat themselves as long as the operating voltages 
are applied to the circuits which produce them. Some 
oscilloscopes afford an additional time-base voltage; 
it is sawtooth in shape but it does not repeat itself. One 
say that it is a “single-shot” sweep which de- 
pends upon a “trigger” voltage or signal to set it into 
operation. Such time-base systems are known by a 
number of names such as "triggered sweep," "non- 
repetitive sweep,” “single-shot sweep” — all of which 
mean the same thing. 

Their reason for being is the need for observing 
extremely rapid pulses or transients which may re- 
appear at uniform intervals or which may have an 
irregular repetition rate. In either case, it is difficult 
to observe such transients with the normal sawtooth 
sweep because, as a rule, it is too slow in its action. 
Moreover, if the sweep is repetitive and the signal is 
not, the timing between the two becomes a problem, 
especially if the sweep must be expanded so as to enable 
close study of the transient. In addition, synchroniza- 
tion is virtually impossible between an irregularly 
appearing transient and a conventional repetitive 
sweep. 

To solve all of these problems, especially the need 
for stationary pattern for study purposes, the trig- 
gered sweep was conceived. As a matter of fact, a cer- 
tain classification of oscilloscopes capable of such oper- 
ations came into being during World War II. This is 
the device identified as a "synchroscope," which might 
be defined as a synchronized oscilloscope. AII oscillo- 
‘scopes provide for synchronization between the signal 
to be observed and the time-base-voltage system ; how- 
ever, the synchroscope, being specifically designed 


















i. 10-115. 


for such work, differs from the conventional instru- 
ment in that it does not afford the other capabilities 
found in the conventional research or maintenance 
cathode-ray oscilloscope. 

Recognizing the expanded application of such short- 
duration pulses in many fields of activity, the manu- 
facturers of conventional oscilloscopes added these 
nonrepetitive sweep systems to some of their products, 
in the form of separate and distinct systems, or as elab- 
orations on the repetitive system whereby a single- 
cycle sweep of any frequency within its range becomes 
available. Tt is not yet universal, being limited in a 
sense to the more expensive research devices. One of 
the primary conditions of this system involves the syn- 
chronization between the transient and the sweep. Both 
being of very short duration and usually of irregular 
repetition rate, the display of the signal demands that 
the sweep trace begin its scanning movement at exactly 
the same instant as the signal begins its amplitude 
variations, and that it remains in action as long as the 
signal is present. Being of very short duration and per- 
haps appearing only at irregular intervals, it stands to 
reason that the utmost in synchronization is desirable 
in order to show the complete signal. If the sweep 
starts even a fraction of a microsecond later, then the 
signal begins its amplitude variations, a portion of the 
vertical signal will be lost in the display and the abili 
to study it will be impaired. 








The Delay Circult 

By all practical everyday methods of reasoning, 
fraction of a microsecond is a negligible period of time, 
but when the problem is the observation of a transient 





VERTICAL AMPLIFIER 
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which lasts only one microsecond or less, fractions of 
this time interval have much meaning. In order to 
‘accomplish the desired synchronization, two methods 
are used in oscilloscopes. One of these consists of a 
system which delays the signal fed into the vertical 
amplifier so that it reaches the vertical-deflection plates 
about 0.2 microsecond later than the start of the sweep 
voltage which is fed to the horizontal-deflection plates. 





plifier; for other applications of the oscilloscope, the 
short time delay means nothing. It plays its important 
role in the observation of transients when the sweep is 
triggered into action by the applied signal, from a point 
which is ahead of the delay line. This assures the start 
of the sweep trace 0.2 microsecond ahead of the appear- 
ance of the signal at the vertical plates. The organiza- 
tion of this system is shown in simplified form, with all 
switching removed, in the block diagram of Fig. 
10-115. 

Another very interesting condition is associated with 
the general use of triggered sweeps. While it is appli- 
cable to the system shown in Fig. 10-115, it should be 
understood that it is to be found in other organizations 
of such oscilloscopes. This is important because time- 
delay networks are not standard in all oscilloscopes 
which provide the facility of high-speed-pulse observa- 
tion. What we have in mind is the action of the system 
identified with the intensification of the trace. 

Since the signal and sweep are synchronized in ac- 
tion, the sweep voltage is not applied to the horizontal- 
deflection plates via the horizontal amplifier until the 
sweep generator has been triggered by a signal from 
the first stage of the vertical amplifier. Therefore, the 
screen of the tube displays only the tiny spot where the 
undeflected beam strikes the screen. Since velocity«of 
the beam is very great as it traverses the screen, and 
since the intensity of the trace on the screen is a func- 
tion of the amount of time allowed the beam electrons. 
to excite the screen (as well as the accelerating voltage, 
which is fixed in value), a supplementary positive 
voltage is applied to the cathode-ray-tube grid simul- 
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Fig. 10-116— Voltage relationships during the period of 
‘operation of a triggered sweep using beam intensification. 


taneously with the application of the sweep voltage. 
This voltage intensifies the trace so as to make it more 
brilliant and easier to see. As is evident by the block 
diagram, the intensifying voltage is synchronized with 
the sweep voltage and the intensifier amplifier receives 
its impulse from the sweep source, therefore, the i 
tensifying voltage is applied as long as the sweep volt- 
age is applied. In a sense, you can consider this inten- 
sity modulation of the beam, for its intensity is in- 
creased above normal as a consequence of the sweep 
signal, if not the vertical-deflection signal, 

This action is illustrated in Fig, 10-116, Two periods 
are shown for the sawtooth sweep, that which is the 
condition of no sweep and that which represents the 
sudden discharge and the charging period conforming 
to the forward trace. It is this forward trace which is 
timed with the square-wave intensifier voltage. In view 
of the inability to achieve a zero time-discharge condi- 
tion, the instant of beam intensification is slightly 
ahead of the start of the sweep period; the return to 
normal beam intensity coincides with the end of the 
sweep period. 

The somewhat different than normal shape of the 
sweep trace justifies a slight comment, Actually the 
sweep is no different than for the repetitive sweep; 
is only the circuit conditions which are different. In 
order that the sweep be ready for action, the capaci- 
tive element is kept charged while awaiting the trigger. 
pulse. This pulse actually discharges the capacitor so 
as to start the sweep cycle. What we show as the “no- 
sweep level" actually is the stable state of the sweep 
with the capacitor fully charged. Once the sweep cycle 
has been completed, the time-base oscillator remains 
in the stable condition while awaiting the next trigger 
pulse. 

The beam-intensifying pulse shown in Fig, 10-116 
should not be confused with the trigger pulse. The lat- 
ter originates in the block identified as “Phase Selec- 
tor-Sync Amp." This leads to a possible question: Is 
the duration of the triggered sweep always the same as 
the duration of the signal?” The answer depends on 
the time duration of the signal and the period of the 
sweep or the sweep frequency which is selected by 
means of a selector switch. Different oscilloscopes 
having triggered sweeps afford different means of con- 
trolling the duration of the sweep. In the specific oscil- 
loscope being discussed (RCA WO-79A) and which 
is described in detail in Chapter 22, the time duration 
of the sweep is determined by the position of the time- 
base-oscillator frequency controls. These are the same 
controls which permit the selection of the sweep fre- 
quency for repetitive operation, except that when in 
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the "triggered" position, only a single cycle of the 
‘sweep is applied to the horizontal-deflection system. 
In other oscilloscopes, which also are described in 
Chapter 22, the triggered sweeps are of fixed time 
duration and are selected by means of a special switch 
that is apart from the repetitive sweep-frequency con- 
trol, It is always best if the period of the triggered 
sweep is just slightly longer than the signal period. 
When this happens, the signal display is the largest, 
since it is spread to almost the full length of the sweep 
trace. 





Trigger Generators 

A refinement which is found in some oscilloscopes, 
especially those intended for research rather than 
‘maintenance, is the trigger generator. This is a multi- 
vibrator system capable of operating over a frequency 
range and which produces a short-duration trigger 
pulse of either positive or negative character. The pur- 
pose of this generator is to enable the starting of cir- 
cuits whose output waveform must be examined by 
means of the triggered time base. Through suitable 
circuits, the trigger generator which starts the source 
of the wave to be examined can be timed relative to the 
start of the triggered sweep so that they begin in 
unison; or the start of the sweep may lead or lag the 
signal source by any prescribed amount up to perhaps 
1,000 microseconds. 

When this facility is available, the triggered sweep 
may be started in such time relation to the signal being 
examined, as to allow observation of any portion of the 
signal cycle — the leading edge, the lagging edge, or 
any other portion of the wave. 

This js illustrated in Fig. 10-117. Let us assume that 
(A) shows the shape of the voltage which is fed into 
the vertical-deflection system. Curves (B), (C), and 
(D) show the sweep voltage from the single-cycle 
sweep. By means of the trigger generator, the start of 
the sweep can be made to coincide with the beginning 
of the signal voltage, as shown in part (B). If desired, 
the sweep can be started after the time lapse a-b so 
that the beginning of the sweep } is just ahead of the 
linear rise; this appears in part (C). Or, as in (D), 
the sweep can be started aíter the time lapse a-c, so 
that the sweep starting point c' will be just ahead of 
the steep rise in the vertical signal. The capabilities of 
such devices are tremendous, but understandably they 
are required only by those who do work of this kind. 
The average individual who employs the oscilloscope 
for the everyday maintenance operations cannot justify 
the expenditure for oscilloscopes of this kind, even 








The advantage offered by such a system lies in the 
ability to utilize the full sweep width for the portrayal 
of the portion of the signal wave that is of greatest 
interest. This may not be clearly evident in Fig. 10-117, 
but if it is understood that the dimensions ad^, У-@, 
and e-d along each sweep represent identical widths 
of the trace on the screen, then the expanded display 
shown in Fig. 10-118 will be understood. 


4 
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By starting the triggered sweep of Fig. 10-117D at 
the proper time and with a period equal to % of Fig. 
10-117A, the 10-microsecond portion of the vertical 
signal was expanded to the same horizontal dimension 
as the original, thus making the characteristics of the 
wave much easier to study. 


Sweep Speed 

In the normal course of oscilloscope operation, little 
concern is felt for the speed with which the electron. 
beam completes its horizontal excursion across the 
screen. The sweep is set at a certain frequency and the 
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fact that the time-base trace of a certain dimension 
corresponds to a certain frequency is taken at face 
value. Sometimes it is necessary to determine the dura- 
tion of an action or the duration of a part of an action. 
Knowledge of just the frequency of the sweep is not 
sufficient to enable such measurement. It then becomes 
necessary to know the speed with which the beam 
completes its entire path or fractions of that path 
length. When that is known, simple lineal measure- 
ment of the distance between points on the trace is 
interpretable in time duration. Some oscilloscopes pro- 
vide this facility in the form of calibrated sweep speeds. 


a (8) 


Fig, 10-119. — Illustrating 


sulting fr e erben d hel 
Fontal trace amplitude. 
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For example, let us consider the three screen faces 
in Fig. 10-119, The frequency of the sweep which pro- 
duces the horizontal trace in all three cases is the same, 
arbitrarily 10,000 cps. This corresponds to a cyclic 
period of 100 usec, in which case we are neglecting the 
retrace portion of the sweep. Let us further imagine, 
as shown in illustration (A), that the length of the 
sweep trace is 1 inch, Since the period of a single cycle 
is 100 psec, the time required for the beam to complete 
a single horizontal excursion is 100 nsec. 

Now we increase the sweep amplitude so that the 
trace is 2 inches long as illustrated in (B), instead of. 
the previous 1 inch in (А). The frequency of the sweep 
is still the same 10,000 cps. Expanding the horizontal 
dimension of the trace for the same sweep frequency 
setting simply means a high deflection voltage and this. 
‘means greater speed as the beam is moving under the 
influence of the deflection fields. (See Chapter 2.) It 
will complete the longer trace in exactly the same over- 





all time required for the shorter trace, but since it 
must cover twice the distance than it did before, it 
must be moving at twice the velocity, so that the sweep 
speed for 1 inch of distance now is 50 psec. 

If we increase the horizontal trace dimension even 
more, say to 3 inches, as shown in illustration (C), it 
means a still greater velocity during deflection so that 
the entire trace will be completed in the original 100 
psec. Since the over-all distance has been increased 
threefold, the speed per unit distance (in this case 1 
inch) must be increased threefold, so that 1 inch is 
completed in 19% or 33% psec. 

Now if we set a standard trace dimension as the 
basis, it is possible to indicate the sweep speed in terms 
of time relative to the frequency. This is done in oscil- 
loscope manufacturers’ specifications. Suppose that 
we assume a standard trace length of 4 inches. What- 
ever may be the length mentioned in the specifications, 
it is that dimension which should afford a linear sweep. 
We assume this to be the length stated, although in the 
final analysis, itis determined by the screen diameter. 
Fora 3-inch screen, it may be 2 inches and for a S-inch 
screen, it may be 4 inches. 

If the rated trace dimension is 4 inches, then sweep 














speeds might be stated as follows : 
Sweep Frequency Sweep Speed, per inch 

1.0 Me 0.25 psec 

250 ke 10 psec 

100 kc 25 psec 

50 kc 50 psec 

10 kc 250 psec 

10kc 2500 мес 


The measurement of time duration of an action 
shown by such sweeps is simply a matter of determin 
ing the space along the horizontal dimension which is 
occupied by the action. 


‘Sweep Calibrator 


‘Some oscilloscopes provide the means for calibrat- 
ing the sweep speed by means of accurately calibrated 
frequencies which are used to supply the vertical de- 
fection. The time-base speed then is determined by 
measuring the distance along the horizontal dimension 
which includes one or more cycles of the known fre- 
quency. Thus if a 1-Mc voltage is applied to the verti 
cal-defiection plates and 2 cycles are shown on the 
screen when the horizontal amplitude is 2 inches, the 
sweep speed is 1 psec per inch. Obviously, such cali- 
bration is a function of the horizontal dimension as well 
as the frequency of the sweep voltage, for if 4 cycles of. 
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the 1-Mc vertical signal are shown on the screen and 
the horizontal trace is 2 inches long, the sweep speed 
is 4 ysec for the entire length and the speed per inch 
is2 psec. 


Vertical Amplitude Calibrators 

Another facility which is contained in some oscillo- 
scopes is the means for measuring the peak-to-peak 
amplitude of the voltage applied to the vertical-deflec- 
tion system. This is known by different names, fore- 
most of which is simply calibrator, The system fur- 
nishes a variable square-wave voltage of known ampli- 
tude which may be applied to the cathode-ray tube via 
the vertical amplifier in place of the signal being meas- 
tured, When the amplitude of the calibrated voltage 
trace corresponds to the amplitude of the signal under 
investigation, the calibrating voltage is read off the as- 
sociated scale marked on the panel and it identifies the 
amplitude of the signal at the input of the vertical 
amplifier. 

Such voltage calibrator systems are available sepa- 
rately as an oscilloscope accessory and are described 
fully in Chapter 14. Their application is described in 
Chapter 19. 


POWER-SUPPLY CIRCUITS AND 
OTHER CONSIDERATIONS 


4 Of the many sections of the oscilloscope, the power 
supply is the most commonplace. It is not necessarily 
the simplest, but it is the section which, while indis- 
pensable to the proper functioning of the device, con- 
tributes little to Xs performance specifications. Never- 
theless, it too bears certain ratings and these have an 
effect ön its suitability for application in certain loca- 
tions. These are the frequency and voltage ratings of 
the power-supply transformer. 


PowerSupply Frequency 


Every power transformer bears two general ratings, 
namely, frequency and voltage. Both are related to the 
constants of the power system at the point where the 
device is to be used. As far as the North American 
continent is concerned all but one nation makes use of 
60 cps. The exception is the Panama Canal Zone where 
only 25-cps supply is available. However, even in 
nations where a 60-cps supply is used predominantly, 
some areas may use a 50- or 25-cps supply. 

As far as the rest of the world is concerned, the fre- 
quencies of the power-supply systems range from 25 
to 60 cps. The electrical industry has grouped these 





frequencies into two general categories, 25 to 40 cps 
and 50 to 60 cps, and have designed transformers ac- 
cordingly. Generally speaking, transformers which bear 
50- to 60-cps ratings are not suitable for use on 25- to 
40-cps power lines. This immediately establishes the 
limitation that an oscilloscope which contains a power 
transformer designed for 50 to 60 cps is not suitable 
for use on power-supply systems rated between 25 and 
40 cps. 

On the other hand, power transformers which are 
rated at 25 to 40 cps may be used on 50- to 60-cps 
power lines, provided that the necessary correction is 
made in the turns ratios so as to supply the output volt- 
ages needed by the circuits in the oscilloscope. Such an 
arrangement may be found in equipment intended to 
have universal utility, The transformers are designed 
for 25- to 40-cps power lines and contain the means 
which permit its application to the higher-frequency 
systems. 


Power-Supply Input Voltage 


The line voltage or power-supply input voltage rat- 
ing is so closely tied to the power-supply frequency that 
it should not be dealt with separately, This factor does 
not exert the same degree of control as does the fre- 
quency. While itis true that a wide variety of voltages 
are used in the power systems of the world, the adap- 
tion of one value to another is comparatively simple. 
However, it must be understood that certain limita- 
tions do exist in use, 

In the United States, a-c power lines generally pro- 
vide from 110 to 120 volts. In a few instances, the local 
supply voltage exceeds this higher limit, being from 
125 to perhaps 130 volts. Most equipment built in the 
United States and designed for operation on a-c line 
uses 117 volts as the standard line voltage. This is a 
compromise value. 

When the power transformer is tapped for different. 
line voltages, changing from one to another according 
to the existing need, poses no problem; it may be the 
manipulation of a switch inside the device or it may be 
the changing of one lead. Care must be exercised so as 
not to use a transformer intended for 150- or 220-volt 
operation on a 110- to 125-volt line, because the oscillo- 
scope will function very poorly, if at all. On the other 
hand, connecting a 110- to 125-volt transformer to a 
150- or 220-volt circuit will result in damage to the 
instrument because of the resultant increase in sec- 
ondary voltages. 

Where a difference in voltage rating of the power 
transformer and the local power supply exists, assum- 
ing that the frequency is correct and automatic internal 
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means of adoption do not exist, the remedy is simple. 
The most convenient arrangement is the use of either 
a step-down or a step-up transformer, whichever is 
required, between the power line and the input of the 
power transformer of the oscilloscope so as to supply 
the proper voltage to the device. Thus if the device is 
rated at 110 to 125 volts and the local power-line volt- 
age is 220 volts, a step-down transformer changing 
220 volts a-c to 110 volts is required, as shown in Fig. 
10-120. The other values are handled in like manner, 
except for the direction of voltage transformation, 
whether up or down, and the specific values involved. 
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Where rigid control of a fluctuating line voltage is 
desired, voltage-regulator transformers may be used 
between the power-line circuit and the oscilloscope 
power transformer. These transformers tend to main- 
tain the voltage at the input of the oscilloscope power 
transformer constant over a range of power-line volt- 
ages, but even this does not apply over a limitless 
range. Each regulator transformer bears a rating of 
input voltages over which it is effective. Moreover, 
every such transformer maintains its efficiency only 
when it is feeding a load which does not exceed its 
rating. Therefore, when a voltage-regulating trans- 
former is utilized to feed the power transformer in the 
oscilloscope, its power handling rating must be at least 
equal to the power rating of the oscilloscope. If at all 
possible, the rating of the regulating transformer 
should be from 15 te 20 per cent above the load that it 
must serve. 

While on the subject of voltage-regulating trans- 
formers, we might voice a cautionary note concerning 
the waveform of the output voltage from these devices. 
‘Unless specifically designed to avoid doing so, these 
units tend to distort the wave very badly, and will in- 
terfere with the performance of the oscilloscope which 
is connected to it. Therefore, the purchaser of such a 
device should make certain that the waveform of the 


output voltage coritains a minimum of harmonics. In 
fact some manufacturers of voltage-regulating trans- 
formers provide filters for this purpose. 


PowerSupply Circuit Arrangements 


In view of the contents of Chapter 22 in which are 
shown and discussed the complete circuits of oscillo- 
scopes, we shall treat here only the fundamentals of 
power supplies and the variations from general circuit 
format. Power supplies used in oscilloscopes are no 
different from systems used for like functions in other 
kinds of electronic equipment. If any significant differ- 
‘ences exist between them they are found in the power 
transformers and the arrangements for polarity and 
grounding. 

Relative to the latter, the oscilloscope differs from 
the majority of electronic instruments which derive 
their operating voltages from an a-c operated power 
supply. In the majority of electronic circuits, the nega- 
tive wiring bus is grounded. This is true in most of the 
sections of the oscilloscope too, but a variation is intro- 
duced in the manner in which the accelerating poten- 
tials applied to the cathode-ray tube are treated. Un- 
like the usual arrangement, the accelerating anode of 
the cathode-ray tube is grounded, although it is sub- 
ject to a relatively high positive potential. This is done 
in a high-voltage power supply by grounding the posi- 
tive output terminal. In that way the accelerating anode 
and the deflection plates are at substantially the same 
mean potential and this tends to minimize defocusing 
of the beam during deflection. This particular subject 
was treated in Chapters 5 and 6. 

Because of this situation, special types of circuit 
arrangements are used in the power-supply section in 
order that the high positive voltage required by the 
accelerating anode be grounded yet not interfere with 
the low-voltage systems of the power supply. 

Returning again to the purpose of the power supply, 
it is simple to say that it is the source of the operating 
voltages. That is correct up to a point. It is a constant 
4-с voltage within certain limitations. Every power- 
supply system is rated in d-c voltage output and d-c 
‘output current. The two ratings are interdependent, 
and indicate the voltage output at a specified current 
drain. In the usual run of power supplies, an increase 
in current drain means a decrease in output voltage, 
but even this cannot be carried too far, for if the current 
drain is excessive, that is, exceeds the limits of the de- 
sign, the output voltage becomes subject to major 
fluctuations. These occur at a frequency which will 
‘equal the power line frequency or twice this frequency, 
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depending upon whether the unit is a half-wave or a 
full-wave rectifier. Restated, excessive current drain 
not only reduces the output voltage but creates a "hum' 
problem. This is the case in the unregulated power 
‘supply. 

‘The regulated power supply contains a system by 
means of which the voltage output is maintained con- 
stant, within certain limits, over a range of current 
drain. This type, like the unregulated, is used in oscillo- 
scopes, but the controlled variety feeds those tubes in 
d-c amplifiers which demand a constant voltage over a 
range of plate currents. Even this type has its limita- 
tions; if the stated current drain limits are exceeded, 
the regulation will fail and it will behave just like an 
unregulated supply. 








Component Parts of Power Supplies 

All a-c operated power supplies may be divided into 
four main parts or elements, exclusive of the regulat- 
ing circuits, These are the transformer, the rectifier, 
the filter, and the voltage-divider system. Each of 
these may not be exactly alike in all systems, but re- 
gardless of their individual design, they appear in each 
unit in one form or another, Symbolically shown, they 
areas in Fig. 10-121, A, B, C, and D. 
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Fig. 10-121—Typi- 
cal power-supply com- 
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The Transformer 


‘The power transformer (A) furnishes the voltage 
for the rectifier tube heaters and the other filaments as 
well as one or more voltages which are to be rectified. 
‘The latter are known as “high” voltages, although the 
‘meaning of “high” in these instances only distinguishes 
this winding from the other windings which are part 
of the transformer. Such transformers may contain a 
multiplicity of windings so as to serve a number of 
rectifiers of various kinds, They may contain as many 
as a half-dozen windings for the filaments of the recti- 


fier tubes, the heater of the cathode-ray tube, as well as 
for the heaters of the tubes used in the remainder of 
the oscilloscope, in addition to several windings with 
different voltage ratings for the different rectifiers. 
‘Sometimes a separate transformer is used to furnish 
the very high voltage for the post-acceleration voltage 


rectifier. 
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A typical transformer of this kind is shown in Fig. 
10-122, This particular transformer contains a single 
primary winding and four secondary windings. Two 
of these are conventional center-tapped windings for 
heater voltage and current supply. One of the wind- 
ings affords two values of high voltage for two differ- 
ent kinds of rectifiers, Hence the common center-tap 
c and the two pairs of taps a-o' and b-b', Although not 
2 must, center-tapped high-voltage windings usually 
are used with full-wave rectifiers, The remaining un- 
tapped winding is a high-voltage winding intended for 
use with a half-wave rectifier. 

Understandably, the variety of power transformers 
are myriad and little is gained by showing various 
combinations of windings, A few examples will appear 
later as part of the discussion of the different arrange- 
ments of half-wave and full-wave rectifier combina- 
tions. 

Much may be written about the design of these trans- 
formers for use in cathode-ray oscilloscopes but we 
shall restrict these comments to the minimum since the 
design of components is beyond the province of this 
text. Nevertheless a few pertinent facts may be of in- 
terest. The different windings bear voltage and current 
ratings and are used accordingly. This means that an 
excessive current drain, although at the correct volt- 
age, will reduce the voltage output from the winding 
because it increases the voltage drop across the resist- 
ance of that winding and because it overloads the trans- 
former. On the other hand, a current drain less than 
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the rated value will afford an output voltage slightly 
higher than the rating. Since each of the windings 
supplies voltage and current to a particular part of the 
oscilloscope, the circuit requirements are arranged to 
conform to the transformer ratings. The high-voltage 
‘windings also bear current and voltage ratings which 
are related to the current and voltage ratings of the 
associated power-supply output. As a rule the high- 
voltage winding ratings exceed the power-supply out- 
put ratings by a substantial amount so as to accommo- 
date the different voltage drops across resistive ele- 
ments, such as the rectifier tubes, the chokes, and the 
voltage-dropping resistors inherent to every power 
supply, and still furnish the rated output. 

Among the features of transformer design, perti- 
nent to successful oscilloscope use is electrostatic 
shielding between the primary winding and the re- 
‘mainder of the transformer, and also similar shielding 
of the winding which serves the heater of the cathode- 
ray tube. Both of these shields are grounded and their 
purpose is to eliminate capacitive coupling between 
these windings and the other windings on the trans- 
former. This prevents the coupling of undesired sig- 
nals from one circuit to the other. Some systems may 
involve pulses as, for example, the sweep circuits, and 
these variations in voltage may, if coupled into other 
circuits, modulate their currents and materially influ- 
ence their behavior. This is especially true of the cath- 
ode-ray-tube heater circuit. The presence of undesired 
signals in the heater system can modulate the beam and 
give rise to false indications on the screen of the tube. 





The Rectifier Tubes 


Two fundamental varieties of rectifier tubes are 
found in oscilloscope power supplies. These are the 
high-vacuum and the gaseous or mercury vapor types. 
The high-vacuum tubes are available as half-wave and 
full-wave rectifiers whereas the mercury vapor tube 
is to be used only as а half-wave voltage converter. 
‘When symbolized, these tubes appear very much alike, 
since the symbol for the plate and cathode is the same 
in all types of tubes, Usually the presence of gas in the 
envelope is indicated by a dot within the circle which 
symbolizes the envelope. 

Whichever type of tube may be used, each bears an 
input voltage and output current rating. These stipu- 
late the continuous service status, that is, the maximum 
rms voltage which may be applied between plate and 
electron emitter and the maximum rms current which 
may be passed through the rectifier during continuous 
operation. In addition to the continuous duty rating, 


maximum peak voltage and current ratings are also 
given. 
ince the rectifier tubes secure their voltage for rec- 
tification from the power transformer, the current and 
voltage ratings of the high-voltage windings of the 
power transformer are related to the rectifiers used 
with them. As a rule the current and voltage ratings 
of the power transformer exceed the power-supply out- 
put ratings in order to allow for voltage drops at the 
various resistive sections of the power-supply system. 
Relative to the listing of the rectifier tubes, the fol- 
lowing is a resume of the varieties available under the 
two main groups. 





Gaseous High Vacuum 
Half wave Half wave 
High voltage Low voltage 
High voltage 
Full wave 
Low voltage 


Concerning the above listing, the meanings of high 
voltage and low voltage are quite broad. They are 
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Fig, 10-123.— Half-wave recti&er action, (A) direct-heated. 
cathode, (B) indirect-heated cathode, (C) and (D) are varia- 


tions of (A) and (B). 
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strictly relative terms, for a rectifier rated at 1,000 
volts will be high voltage in comparison to another 
which is rated at 300 volts and designated as low volt- 
age, and in turn, will itself be low voltage when com- 
pared with a rectifier which will accommodate 5,000 
to 10,000 volts. Practically speaking, the rectifiers 
designated as low voltage and found in oscilloscopes 
operate at voltages up to 300 or 400 volts ; those which 
rectify voltages generally in excess of this value and 
up to several thousand volts are spoken of as high 
voltage. 





Fig. 10-124.—Full-wave rectifier action, (A) direct-heated 
cathodes and (B) indirect-heated cathodes. 


When symbolized, the half-wave rectifier is shown. 
as consisting of a plate and a cathode or a filament as 
in Fig. 10-123A, whereas the full-wave rectifier con- 
tains two plates and a common cathode or a single 
filament which is common to both plates. This is shown 
in Fig. 10-1248. Obviously the full-wave rectifier tube 
is nothing more than two half-wave sections contained 
in a single envelope with such physical changes in the 
electron emitter as will satisfy the current needs of the 
two plates. This is a commonplace form for the high- 
vacuum type tube but is not found in the mercury vapor 


kind; the latter variety always comes as a half-wave 
rectifying element. 

Sometimes two individual half-wave rectifiers are 
connected in such fashion as to perform the functions 
of a full-wave rectifier, and conversely, a full-wave гес- 
tifier tube may have its plates connected in parallel so 
аз о perform as a half-wave rectifier, Then again two 
individual half-wave rectifiers may be connected in 
parallel, that is, the two plates are joined externally, 
as are the two cathodes, or the two filaments are placed 
їп parallel. When two individual tubes are used in this 
fashion, the current output is increased but the voltage 
is not. Moreover the tubes must be similar, with like 
current and voltage ratings. 

‘An increase in current output, as well as in voltage, 
is obtainable by the use of a full-wave rather than a 
half-wave rectifier, as will be shown later, but quite 
frequently the voltage and current demands are met 
by the half-wave system, which is more economical, 
Therefore the half-wave rectifier finds very frequent 
use in oscilloscopes, especially when the current drain 
is comparatively low. 

Although not evident in the drawings, the cathode 
type tubes are equipped with heaters just as in the con- 
ventional type of receiving vacuum tubes. As to the 
manner of performance of all of these tubes, one elec- 
trical condition is paramount. Since each of these tubes 
is the equivalent of a diode, conduction (plate current 
flow) takes place only when the plate or anode is made 
positive relative to the electron emitter, be it a cathode 
ora filament. After the polarities are reversed, that is, 
when the cathode is positive with respect to the plate, 
conduction ceases and the tube becomes a noncon- 
ductor. Thus, rectifier tubes are unilateral conductors 
of current, although it must be understood that, when 
conducting, each type of tube presents a certain amount 
of internal resistance, and therefore, a certain amount 
of voltage drop, In the case of the high-vacuum tube, 
this is variable over a relatively limited range deter- 
mined by the magnitude of current, In the case of the 
mercury vapor rectifier, the voltage drop is substan- 
tially constant at about 15 volts over the complete range 
of output current available with the tube. 

With this much behind us, we can examine the two 
fundamental varieties of rectifying systems. These are 
the half-wave and full-wave circuits. Inasmuch as the 
rectifying system is not influenced by the filter arrange- 
ments, rather the reverse is true, we can hold the ex- 
amination of the filter and the voltage divider in abey- 
ance until later, When dealing with the rectifiers, we 
will show these two parts of the power supply as a 
single block. 
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The HalfWave Rectifier 


Two examples of the elementary half-wave rectifier 
are shown in Fig. 10-123. They differ only in the kind 
of emitter used; one employs a filament whereas the 
other utilizes a cathode for that purpose. In the former, 
the filament is a part of the rectifying system, while in 
the latter instance, the heater similarly represented 
serves merely as a means of raising the cathode to an 
electron-emitting temperature. 

Concerning the power transformers, the ones shown 
are typical of some installations whereas in others the 
secondaries may be just two of many wound on the 
same core. 

As to the process oí rectification, 2 cycles of the input 
line voltage are shown above the respective primaries. 
In like manner 2 cycles of the induced "high" voltage 
are shown above each of the two related secondary 
windings, The 180° reversal of phase between the pri- 
mary and secondary voltages is natural in a trans- 
former. The low voltages applied across the filament. 
and heater, respectively, require no attention. 

The polarity signs which accompany the secondary 
voltage waveforms indicate the relative instantaneous 
polarities of the points a and b on the two secondaries. 
in (A) can be assumed joined to the filament 
of that rectifier tube, and point b in (B) can be as- 
sumed joined to the cathode. Actually these connec- 
tions are not so direct, but for purposes of explanation, 
it may be assumed so. 

Analyzing diagram (A), the first half-cycle of the 
input voltage results in a secondary voltage which 
makes the plate P negative relative to its filament. Con- 
sequently, conduction does not take place in the recti- 
fier tube because the negatively charged plate does not 
attract electrons írom the space charge within the tube. 
Therefore, the system on a whole is inactive during the 
negative alternation of the secondary voltage, or the 
positive alternation of the primary voltage. Since all of 
‘our interest lies in the secondary circuit of the trans- 
former and the rectifier connected to it, and knowing 
the relationship between the primary and secondary 
voltages, we can temporarily neglect the action in the 
primary circuit. 

Daring the next alternation or half-cycle of the sec- 
ondary voltage, which we show by vertical shading 
lines, the plate of the rectifier is made positive with 
respect to its filament, and a pulse of current passes 
through the system as indicated by the arrows. Neglect- 
ing for the moment the action of the filter system, we 
can show this pulse of current to have a shape some- 
what like the voltage alternation which was rectified. 

















Actually it is somewhat different in shape but this is 
irrelevent to the point we desire to corivey. The output 
current pulse is shown in vertical shading lines imme- 
diately above the filter in (A). and the dotted alterna- 
tion represents the time interval corresponding to the 
negative half-cycle of the secondary voltage. 

The next instant the plate again is negative relative 
to its filament and conduction ceases and remains so 
during the entire negative alternation of the voltage 
applied to the rectifier. Then polarity of the secondary 
voltage reverses and again the plate of the rectifier is 
positive and another pulse of current passes through 
the system as indicated. These alternate periods of con- 
duction and nonconduction continue as long as the 
voltage is applied from the secondary winding and the 
direction of cach current pulse is the same as the pre- 
vious une, As can be seen, they occur once during each 
cycle of applied voltage, always during the positive 
alternations, so that only one-half of the applied voltage 
wave is being rectified. Hence the name of half-wave 
rectifier. 

Concerning the direction of movement of the charges. 
through the system, the representation of the output 
current pulses shows them to be always in the same 
direction and always above the zero reference axis or 
in the positive zone of the graph. Thus the process of 
rectification might be described as being an arrange- 
ment whereby the positive alternations of a voltage are 
permitted to pass through a system and the negative 
half-cycles are cut off. Later on you will see that the 
positive pulses of current are used to charge a capac- 
itor. 

If we correlate the output current pulses with the 
voltage input to the rectifier, we note that both are 
cyclic in character ; that the number of output current 
pulses which occur each second in a half-wave rectifier 
are the same as the frequency of the voltage output to 
the rectifier, or as the frequency of the primary voltage. 
This is a fundamental condition. In addition to this, the 
output current pulse is a distorted version of the input. 
voltage, and contains a series of harmonics. All of these. 
combined constitute the “hum” voltage. More about 
this later. 

Concerning the half-wave rectifier in (B) of Fig. 
10-123, its basis of operation is exactly the same as 
‘outlined for arrangement (A) except for the use of a 
cathode K in place of the filament F. In all other re- 
pects, the two operate in identical fashion, 

‘The use of two half-wave tubes in parallel, or the two 
plates of a full-wave rectifier in parallel, as shown in 
(C) and (D), respectively, of Fig. 10-123 can be seen 
to introduce no major variations in the fundamental 
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principles of operation. The omission of the heater 
winding wiring in (D) is simply for convenience in 
drawing. 


The Full-Wave Rectifier 


yave rectifier is slightly more elaborate 

f-wave system. It involves a change in the 
transformer winding which feeds the rectifier tubes, 
and also the use of two rectifying sections. As we stated 
earlier, these may be individual tubes or they may be 
contained within a single envelope. Schematically the 
two arrangements are shown in Fig. 10-124A and B, 
where they are organized for comparison with the sym- 
bolized schematics of Fig. 10-123. 

The full-wave rectifier consists of two half-wave 
rectifiers which function on opposite alternations of the 
applied voltage. Let us analyze this action in the circuit 
(A) in Fig. 10-124. This is directly comparable with 
circuit (A) in Fig. 10-123. 

The rectifier tubes are two individual half-wave 
converters and they secure their filament voltage from 
a common transformer winding. The high-voltage sec- 
ondary is a continuous winding which is center-tapped 
so that two equal voltages E] and E2 are available 
from the output. Since each of these voltages is in- 
tended to function with an associated rectifier tube, the 
value of the voltage equals that which normally would 
be obtained from an untapped winding used with a 
half-wave rectifier tube. The center-tap connection 
passes into the filter where, in effect, it joins the center 
tap of the filament winding. 

The tap at the electrical midpoint of the high-voltage 
winding furnishes two voltages which, at any one in- 
stant, are 180° out-of-phase relative to the center tap. 
This is indicated by the waveform curves marked El 
and E2, The polarity of one end of the complete sec- 
ondary winding is opposite to that existing at the same 
instant at the other end, Therefore, if we assume that 
at one instant point a is positive, everything else along 
the winding is negative, which, of course, includes the 
center tap c. On the other hand, the next instant, when 
the polarity of the output voltage is reversed so that 
point b is positive, every other point along the winding 
is negative, and again this includes the center tap c. 

Accordingly points a, b, and c possess dual polarity, 
but at any one instant, these polarities are either posi- 
tive or negative relative to each other. If we select the 
center tap as the reference point, it retains its negative 
polarity with respect to a when that point is positive 
and with respect to b, when that point is positive. 
Therefore, we can consider the output available from 














the high-voltage winding as consisting of two indi 
ual voltages which alternately become positive and 
negative at the ends which are connected to the two 
plates P1 and P2. 

During the negative alternation 11 of the primary 
voltage, the first alternation of the secondary voltage 
E1 is positive. The plate P1 is then positive relative to 
its filament and the current pulse /1 flows through the 
system, as shown by the arrows which bear that label, 
and by the output current pulse waveform which is 
similarly marked. At the same time, the first alterna- 
tion of voltage £2 is negative relative to the common 
reference point, so that the plate P2 connected to point 
bis negative relative to its filament. Therefore, conduc- 
tion does not take place between P2 and its filament 
but does between P1 and its filament, 

During the second alternation /2 of the first cycle of 
primary voltage, the polarity of the secondary voltage 
reverses, making point a, and therefore, plate P1, nega- 
tive relative to its filament, and point b and plate P2 
positive relative to its filament, Conduction now takes 
place in tube 2 but not in tube J, and a second current 
pulse 12 flows through the system in exactly the same 
direction as the previous current pulse. The use of simi- 
lar shading of the related alternations of secondary 
voltage and the output current pulses aids recognition 
of the related actions. 

It is evident from what has happened during the two 
alternations of the first cycle of primary voltage that 
conduction takes place alternately in the two rectifiers, 
so that both alternations are rectified. Hence the name 
of full-wave rectifier. The action during the time inter- 
vals 3 and £4 of the input voltage cycle are repetitions 
‘of what we described in connection with the two alter- 
nations periods t1 and t2. 

Comparing the output current pulses for the half- 
wave and the fuil-wave rectifiers discloses that, in the 
latter, a current pulse exists for each alternation of the 
ut voltage, and if we view these current pulses as 
being cyclical in character, their frequency is twice the 
frequency of the primary voltage. If the line voltage or 
primary voltage frequency is 60 cps, the cyclic vari: 
tion of the output current pulses in the half-wave recti- 
fier occurs at the same rate, whereas in the full-wave 
rectifier, it occurs at the rate of 120 per second. 

Still another point of interest becomes evident by 
this comparison. The full-wave rectifier affords two 
‘output current pulses, whereas the half-wave system 
affords only one in the corresponding period of the in- 
put voltage. Therefore, with everything being equal, 
the output current in the full-wave system is twice that. 
of the half-wave arrangement. 
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Concerning the modified rectifier tube arrangement 
shown in (B) of Fig. 10-124, its rectifying action is 
identical to that of system (A). The use of a cathode- 
type tube which contains both plates in the same en- 
velope introduces no modifications. Each plate acts 
independently of the other in conjunction with the 
common cathode K in exactly the same manner each 
of the plates in the individual tubes of arrangement 
(A) acted in concert with its individual filament. Since 
these filaments were electrically common relative to 
the path of the charges in the output current pulses, 
they are the equivalent of the single common cathode 
K. The behavior of the heater winding in (B) may be 
ignored since the source of these charges is the cath- 
ode; the heater simply raises the temperature of the 
cathode to the electron-emitting level. 





Filter Systems 

Filter systems used in power supplies may be of very 
many kinds, but three varieties are fundamental. These 
are shown in Fig. 10-125. These may be combined in 
many ways, but any such combination can be analyzed 
into these three basic forms. Systems (A) and (B) 
are known as the w (pi) type, whereas (C) is repre- 
sentative of the L type. As shown, each comprises a 
single section, but every complete filter need not con- 
of one section, Several may be used so as to most 
effectively accomplish their purpose. 





(A) rect en 








(C) nectiFien 


Fig. 10-125.— Fundamental filer sections, (A) v type using 
an inductance, (B) v type using a resistance, and (C) L type. 


Concerning the organization of the individual sec- 


tions of power-supply filters, one specific condition is 
adhered to at all times. This is the use of conducting 


elements Z or R in the series arms and the use of C in 
the shunt arms. The reason for the former is self-evi- 
dent ; these units are the paths for the direct current 
secured from the rectifier system, and therefore must 
permit the passage of such current. This does not mean 
that only L and R will be found associated with the 
series arms of such filters, Sometimes C is also used 
but only as a means of resonating L so as to make the 
filtering action more effective. When so used, it still is. 
not in the path of the direct current ; the element L 
forms that path. The element C, on the other hand, 
usually is the shunt arm. 

Thé three fundamental filter arrangements shown in 
Fig. 10-125 can be classified under two circuit groups. 
These are capacitance input (A) and (B) and induct- 
ance input (C). The identification is based upon the 
electrical element that faces the rectifying tubes, or, 
‘we might say, the element most closely related to the 
behavior of the conduction current pulse. These are C1 
in circuits (A) and (B), and L in circuit (C). In the 
capacitance-input circuits, the current pulse charges 
the capacitor, and in the inductance input, the inductor 
L controls the amplitude of the current pulse varia- 
tions which charge the capacitor that follows the in- 
ductor. The behavior of the input capacitor in the 
capacitance-input type of filter is very interesting. 





Capacitance-Input Filter Action 

The action of the filter system can be realized by 
reference to Fig. 10-126, The power supply is a store- 
house of electrical energy. Its function is to be a source 
of constant d-c voltage at a specified current drain, In 
order to show how all of this is accomplished, examine 
arrangement (A). Here a resistor R takes the place of 
the complete filter block shown in Fig. 10-123, Because 
of the direction of the motion of the charges through 
the element, the polarity indicated is developed. This 
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current occurs in the form of pulses, one pulse for each 
cycle of input voltage in the halí-wave rectifier and two 
such pulses during each cycle of input voltage in the 
full-wave rectifier. These are shown as (B) and (C), 
respectively. 

Now it is evident that the voltage pulses which 
would develop across the terminals of & when the cur- 
rent pulses are of the form shown would be anything 
but constant. Although these current pulses have an 
average value, and the resultant voltage may be iden- 
tified in terms of this average value, the fluctuations in 
the output voltage would defeat the use of the rectifier 
system as a power supply. The peaks of the pulses must. 
be flattened and the hollow parts filled in so that the 
fluctuations are removed, and a constant output volt- 
age is thus made available. This is done in the filter. 


(a) 








10-127.—(A) Sis it input filte ith 
half ave rihet) and (B) ори wiage wawelonm 
heavy), and occurrence of the current pulse. 


In Fig. 10-127 is shown a capacitor C placed across 
the load resistor. This corresponds to the input filter 
capacitor of Fig. 10-125. Since the ohmic value of R is 
appreciably greater than the reactance of C, the current 
pulses from the rectifier charge the capacitor to a volt- 
age which approximates the peak value of E, being less. 
than that amount by the voltage drop across the in- 
ternal resistance of the rectifier tube. During the nega- 
tive alternation of E, the capacitor cannot discharge 
through the vacuum-tube circuit because the cathode 
is positive relative to the plate and conduction is not 
possible. It, therefore, discharges through R, as shown 


by the solid line in (B). As charge is drawn from the 
capacitor, its voltage naturally falls. The extent of this 
decrease in voltage is determined by the magnitude of 
the current drain through R or whatever is the load, 
and also by the value of C; for any given current drain, 
the greater the value of C, the smaller is the decrease 
in voltage across C. The smaller the current drain be- 
tween charging periods, the smaller is the decrease in 
voltage. 

Assuming one set of conditions, the capacitor C con- 
times to discharge until the next positive current pulse 
comes along, at which time the capacitor once more is 
charged. Now it is interesting to note that in (B) the 
voltage across the capacitor has not fallen to zero by 
the time E again makes the plate of the rectifier posi- 
tive relative to the cathode. This means that the current 
pulse cannot start flowing until the voltage E exceeds 
the voltage on the capacitor. The smaller the decrease 
їп voltage across the capacitor, the later is the starting 
time of the current pulse during the positive alternation 
of E. 

Once the currem pulse starts to flow, the charging 
process also starts, and, in time, again charges the 
capacitor to its proper value. But shortly after the peak 
value has been reached, the fall in voltage Æ is more 
rapid than the rate of discharge, so that again the volt- 
age across the capacitor exceeds the value E and the 
conduction ceases. This cannot help but lead to the 
conclusion that after the first few cycles of operation 
have been cumpleted, the current pulses which consti- 
tute the charge current occur as sharp pulses. More- 
over, the smaller the discharge of the capacitor the 
shorter in duration these pulses of charging current, 

Now if we examine the voltage curve in (B) (heavy 
line), it is evident that the capacitor is behaving like a 
storehouse of energy; but the voltage output is still 
not constant, it still fluctuates. It is also evident that if 
the gap between periods of charging could be filled in, 
the fluctuation in output voltage would not be as great. 
Of course, if the value of C were increased very greatly 
and the discharge rate were kept the same, the slope of 
the voltage curve would not be as great. There is, how- 
ever, a limit to the value which may be used for C be- 
cause of a related effect. This is the magnitude of the 
current pulse at the instant the charging process starts. 
Rectifier tubes bear peak-current ratings and these 
may be exceeded if the value of C is too large. Thus it 
is a matter of finding a compromise between the capaci- 
tance of C, the permissible peak value of charging cur- 
rent, and the current drain. In fact the very presence 
of a large charging current when a capacitor is the im- 
mediate load on а rectifying system is what prevents 
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the use of capacitors as the first element in the filter 
when a mercury vapor type of rectifier is used. Exces- 
sive charging current through the tube may irreparably 
damage it. 

‘The behavior of the capacitor when used with a full- 
wave rectifier as shown in Fig. 10-128 is fundamentally 
the same, except that now, as illustrated in (B), the 
time for the voltage across the capacitor to fall has been 
reduced to half of what it was in the half-wave system. 
‘This means: 1. a higher voltage is available from the 
filter system ;2. a higher rate of variation of the output. 


voltage ; and 3, a reduced amount of fluctuation in volt- 
age for any one value of current drain, It must be 
understood, of course, that the above reference to а 
higher voltage across capacitor C does not mean that. 
a change has been made in the value of the a-c voltage 
to the rectifier. E in Fig. 10-127 has the same values 
as EI and E2 in Fig. 10-128A. It is simply that the 
average voltage across C between the peak value a and 
the final value b, when the next charging period comes. 
along, is greater in the full-wave rectifier than in the 
half-wave rectifier. This is easily seen by comparing 
these two points along the voltage curves in the afore- 
mentioned two illustrations. 

‘The pulsating voltage across the capacitor C, which 
can be viewed as the form of the voltage across R is a 
form of distortion. While these voltage fluctuations 
have a fundamental as we described before, they also 
contain numerous other frequency components, All of 
these combined constitute the ripple in the output, or, 
as some might call it, the Aum in the output. Anything 
that is done to remove the voltage fluctuations and so 
furnish a constant d-c output will automatically reduce 
the amplitude of these ripple components and remove 
the hum present in the supply. This is a function of the 
filter, but since the capacitor C in the two illustrations 
just discussed also is a part of the filter, the dual func- 
tion of the latter is evident. 

The remainder of the elements of the filter with 
capacitance input are responsible for the removal of 
the voltage variations across the input capacitance as 
the power supply furnishes voltage and current to a 
load. As a basis for discussion, let us add the remaining 
elements of a single-section filter to the rectifying sys- 
tem, as shown in Fig. 10-128C. The current and volt- 
age conditions shown at (B) are assumed to exist 
across C1, the input capacitor. The path through which 
the input capacitor C1 will discharge now contains the 
inductor L. We know from basic fundamentals that the 
inductance of the winding will tend to prevent rapid 
changes in current ; it will tend to prevent the rise of a 
current, and if one exists, it will tend to keep that cur- 
rent flowing, if for some reason it is caused to stop. 
‘The iron core in inductor L is intended to make this 
inductive effect greater, as great as possible consistent 
with the other requirements of design. Now it is to be 
noted in circuit (C) in Fig. 10-128 that another capaci- 
tor C2 also is a part of the filter network ; that, in effect, 
it is in shunt with capacitor CI, with L as a part of the 
circuit which links the two capacitors. 

In view of the circuit arrangement, the input capaci- 
tor can be charged by the current pulse, but if capacitor 
C2 is to be charged, the charging current must first. 
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pass through L, which, in turn, tends to hold down any 
sudden changes in this current. In other words, the 
rapid fall in voltage across C1 is not transferred to C2 
because the variations in the correspondingly changing 
current will not be transmitted. The inductor L, there- 
fore, tends to supply to capacitor C2 a charging current 
which is more constant than that flowing out of C1. 
‘The final result is that capacitor C2 also behaves like 
a reservoir of electrical energy and the fluctuations in 
voltage across its terminals, with current drain on the 
power supply, are very substantially reduced. This may 
be illustrated as in (D) of Fig. 10-128. 

By using another section, these small fluctuations 
are further reduced. The system can be made so that 
the ripple (fluctuations ) voltage does not exceed, say, 
a very small fraction of a percentage of the rated out- 
put of the power supply. Whether a second filter sec- 
tion is required depends a great deal upon the nature 
of the load. Some amplifier systems are such that a 
fluctuation in operating plate voltage has opposite 
fects on the two tubes in a stage, and tend to cancel 
each other, In still other applications, a small variation 
in operating plate voltage is tolerated because it is not 
harmful. 

In still other instances where a high order of con- 
stancy is needed, especially where the current drain 
may vary over a wide range, voltage stabilizers or 
regulators are used. ‘This will be discussed in brief 
later in this chapter, 





Inductance-Input Filter Action 


The behavior of the inductance-input type of filter 
can be understood by reference to Fig. 10-129. As we 
stated before, the inductive effect in a winding tends to 
resist sudden changes in current and when the driving 
voltage no longer exists, the inductance tends to main- 
tain the decaying current. Therefore, if a choke L is 
placed in series with a resistance R across a rectifier 
system as shown in arrangement (A) of Fig. 10-129, 
the current pulses are modified in form from the light 
line, which represents the current when the load is 
purely resistive, to the heavy line. As can be seen, 
abrupt changes in the cyrrent pulses have been pre- 
vented. As a matter of fact, the action of the inductance 
tends to prevent the rise of the current in one direction 
and the fall of the current in the other. 

This tendency on the part of the inductance creates 
‘a number of related conditions which are very impor- 
tant. The first is that it tends to maintain current flow 
in the rectifying system at all times and, in addition, 
prevents the rise of the current to that peak value 
which would prevail if a capacitor instead of an in- 





(a) 
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Fig. 10-129.—(A) Simple indoctance-input filter with full- 
wave rectifier, (B) output voltage waveform of (A), and 
(C) double L'type filter system with full-wave rectifier. 





ductor were the element at the input of the filter. In 
other words, the abrupt rise of charging current with 
capacitive input does not take place with inductance 
input and it is this condition which demands the use of 
inductance input with mercury vapor rectifiers. These 
tubes cannot tolerate sudden surges of current. 

Now, consistent with the absence of these peak cur- 
rents, it naturally follows that the rectifier output volt- 
age cannot reach the peak value of the a-c voltage in» 
put, as in the capacitance-input filter. The final result 
is that the output voltage available from a power sup- 
ply with an inductance-input filter is substantially less 
than that from a capacitance-input filter supply with 
like values of a-c voltage input to the rectifier and like 
current drain on the supply. 

The simple use of an inductance in place of a capaci- 
tor at the input of the filter does not necessarily mean 
complete filtering, even though the former system 
affords a more constant voltage across the input of the 
system. Capacitance is still required for the storage and 
release of the energy. This is the purpose of the capac- 
itors in the filter system as shown in (C) of Fig. 
10-129. The equivalent of the input capacitor in the 
capacitance input filter is C7 in Fig. 10-129 (C), ex- 
cept that the conditions of charge and discharge take 
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place with less violent fluctuations, since the inductor 
LI tends to keep the current during the charging 
period more constant, and inductor L2 tends to keep 
the discharge current more constant. Capacitor C7 
tends to maintain its charge more uniformly as does 
capacitor C2. The sum and substance of such an ar- 
rangement is that the inductance-input type of filter 
affords better regulation in the power supply. By this 
is meant the relative change in output voltage with 
different current drains, It is expressed in percentage 
of the rated output voltage. Substantial changes in 
current drain applied slowly or abruptly do not cause 
major changes in the voltage output even without the 
use of gaseous or high-vacuum voltage regulator tubes. 
The voltage output will of course change, but to a very 
much smaller extent than in capacitance-input filter 
power supplies which also do mot contain voltage 
regulators. 


Resistance Capacitance Filter Action 


The use of resistance in place of inductance in the 
capacitance-input type of filter as shown in (B) of 
Fig. 10-125 and in Fig. 10-130 is an economical way 
of accomplishing a power-supply filter. It affords fil- 
tering action, but not as effectively as its L-C counter- 
part. 


HOHE 


Fig. 10-130—Full-wave rectifier with = type filter using a 
resistance. 


To appreciate its action, consider the circuit of Fig. 
10-130. The behavior of C1 is as described in the L-C 
filter. By virtue of its energy-storing action, C1 tends 
to provide a certain amount of filtering or “smoothing.” 
This could be improved by making the value of capaci- 
tance greater, for then the loss in voltage with unit 
current drain would be less than with a small value of. 
C. But an improvement in performance is accomplished 
if the added C (C2) has an appreciable amount of re- 
sistance in series with it, as shown in the diagram. This 
stems from the relative reactances of C1, C2, and R2 
to the frequency of voltage fluctuation. For example, 
for any one value of voltage across C1, it may be viewed. 
a5 being made up of a d-c component and an a-c com- 
ponent. The series resistance R1 drops both of these. 


voltages somewhat and the division of the two compo- 
nents relative to the two parallel paths, R2 and C2 is a 
‘matter of the relative reactance and resistance. 

By making the reactance of C2 very small, effectively 
‘a short circuit at the fundamental ripple frequency, but 
effectively an infinite impedance to d.c., and since the 
resistance of the load R2 is finite for both, the presence 
of C2 very greatly reduces the ripple in the voltage so 
that it behaves as a filter. The filtering action so ob- 
tained is not the best possible, although the use of two. 
such sections when the d-c voltage drop across the 
series arms can be tolerated, is capable of a very sub- 
stantial reduction in ripple. Sometimes economy in the 
cost of the filter is accomplished by the combined use 
of an L-C section and an R-C section, the former being 
the first section nearest the rectifying tubes, 

The presence of resistance in the series branch of the 
filter dictates certain conditions of operation, essen- 
tially that the current drain on the power supply be 
low. In view of the need for a substantial amount of 
resistance for this element, 40,000 to perhaps as high 
as 100,000 ohms is in order to make C2 effective ; the 
current drain through this resistor must be small, 
otherwise a very large voltage drop will occur across 
this element. If it can be tolerated, all well and good, 
but in most instances, high voltage as well as the re- 
quired current drain are requirements of power sup- 
plies, so that any such loss in voltage is sheer waste. 

The second point of importance is that while oper- 
able, such a filter will not afford an output voltage free 
from ripple. This means that the filter can be used only 
іп those power supplies which feed devices that can 
accommodate a substantial amount of hum, Finally 
these systems are useful mostly in circuits where the 
current drain is substantially constant and for which 
the filter system has been designed, Substantial in- 
crease in current drain will adversely affect the general 
behavior of the filter and the power supply. 














‘The Voltage Divider 

‘The voltage-divider part of the power supply per- 
forms a function which is described by its very name. 
Accordingly, it is supposed to divide or allocate the 
available voltage in accordance with the needs of the 
system connected across it. While we have shown nu- 
merous examples of a resistor R as the termination of 
the filter and have referred to it as the "load" on the 
power supply, in reality, the load on the power supply 
is the equipment which the device supplies with volt- 
age and which absorbs the current drain, 

As to the of voltage available from the 
power supply, sometimes that is done, and sometimes 
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the full voltage is applied to one point. This results in 
the use of two kinds of so-called divider systems. Actu- 
ally only one of them is a divider. What we mean is 
shown in Fig. 10-131A and B. 





(в) (e) 
Fig. 10-131,—Various kinds of voltage dividers. 


In the former (A), the divider network consists of 
resistor X1 and K2 in series connected across the out- 
put of the power-supply filter. By virtue of the direc- 
tion of current flow, the polarities shown are estab- 
pressed across the series network 
is available between the minus termina and the upper- 
most positive terminal. The lower positive terminal 
affords a voltage which is less than the maximum by 
the drop across R7. This much is basic. Now the inter- 
esting detail about such a voltage divider is that it is 
known as a “bleeder” as well, for it does act to “bleed” 
off the charge remaining on the filter capacitors in the 
event that the rectifier is turned off simultaneously with 
the devices which draw current from the power supply. 

At the same time, such a system also is a fixed load 
or fixed current drain on the supply, for no matter 
what other equipment may be connected to the power 
supply, this pair of resistors will continually draw cur- 
rent from the filter system as long as the rectifier is 
operating. By connecting the equipment leads to points 
1 and 2, the voltage available at these points is appli- 
cable to the equipment. 

When viewed as a voltage divider, the sections of 
such a system will divide the available voltage in pro- 
portion to the relative resistance values provided that 
only one load exists across the divider, namely, the 
main load across the entire divider. Regardless of what 
this current drain may be, assuming, of course, that it 
is within the rating of the device, the voltage at the 












intermediate terminals on the divider (which may be 
more numerous than we show in the illustration) will 
be divided in proportion to the resistance elements in 
the series. But, if a load is applied between the negative 
terminal and any one of the intermediate positive ter- 





minals no longer will be in proportion to the resistances 
in the series because of the unequal currents passing 
through the series elements. Only when the main load 
is connected, the current is the same throughout the 
divider network, which no longer is true if the inter- 
mediate terminals also are in use. 

Another type of voltage distribution arrangement is 
shown as (B) in Fig. 10-131. Here the resistors RI 
and R2 are in series with the devices which draw the 
current. The level of the voltage at the load point is 
determined hy the drop across the series element due 
to the current passing through it. Such an arrange- 
ment is not general because it has the weakness of not 
bleeding the charge off the filter capacitors after the 
rectifier is turned off. Also, it permits a substantial rise 
in voltage across the filter capacitors when the load 
equipment is turned off. 


Flash-Over in Power Supply 


The high voltage required for some of the cathode- 
ray-tube operating potentials forces certain physical 
design considerations into the voltage dividers of the 
power supplies which furnish these voltages. We are 
referring to the implication of the simple series net- 
work of two resistors in (A) of Fig. 10-131. It is en- 
tirely possible that the voltage available from such a 
power supply might be several thousand volts, and 
consequently care must be exercised to see that the 
physical design of the power-supply bleeder or voltage 
divider is such as to prevent flash-over due to the high- 
voltage difference between the extremes of the divider. 
This demands a long electrical path or a long leakage 
resistance path. The divider of Fig. 10-131A might be 
represented as (C) of the same illustration. Each of 
the resistors RZ through R7 may or may not be of like 
value, but they may be so arranged physically as to 
make the path from the high-voltage point to the nega- 
tive terminal the longest possible. The aggregate ohmic 
value can easily be attained with a single unit, but if 
that were done, the leakage path would be very short 
and flash-over a possibility. 

This matter of flash-over is of more than casual in- 
terest. While it is assumed that the design of a unit is 
such as to adequately fulfil all of the requirements, it 
is conceivable that under certain conditions of opera- 
tion and failure of an element, a replacement is made. 
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If such a replacement is made in a system where high 
voltages are encountered, the matter of insulation is of 
extreme importance. This applies to every part of the 
power supply, even if, at the moment, we seem to be 
speaking about the voltage divider. The writer's ex- 
perience with oscilloscopes which employed high volt- 
ages has frequently proved the need for careful exami- 
nation of insulation when remedying faults in voltage 
dividers. Frequently the matter of insulation on wires 
and "spaghetti" around power-transformer leads was 
a matter of concern. 

As long as we are on the subject, we might mention. 
such very simple items as insulated terminal strips 
which may be found in power supplies. A slight m 
alignment of one of the connecting terminals to which 
voltage lead may be joined, is apt to bring that 
terminal so close to a grounded point as to make flash- 
over very likely. Strangely enough, this might happen 
the instant the equipment is turned off and this makes 
the matter ever so confusing for it “operated perfectly 
on the previous occasion. 














Polarity in Voltage Divider 


It is commonplace practice to ground the negative 
terminal of the power supply, in which case, every 
other terminal on the voltage divider is positive. This 
is shown in simplified form in (A) of Fig. 10-132. If 
any measurements of voltage are made, they are with 
respect to ground, which is the negative terminal. In 
oscilloscope equipment, one will find the above quite 
frequently, but itis possible that some point other than 
the most negative will be at ground potential. Being 
at ground potential makes that point O voltage with 
respect to ground, but it may be either positive or nega- 
tive relative to some other point on the divider. For 
example, in (B) of Fig. 10-132, ground along the 
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Fig, 10-192—-Illustrating polarity in dividers, (A) 
gives a positive output with respect tO (B) gives both 





positive and negative outputs, and (C) gives negative outputs. 


divider is located at a point which is positive relative 
to the most negative point in the system, and negative 
relative to the positive point in the system. In other 
words, here is a voltage divider in which two voltages. 
positive relative to ground and two voltages which are 
negative relative to ground (below ground) are avai 
able. Obviously a voltage measurement made with 
ground as the reference point will result in two polar- 
ities, positive at some terminals and negative at other 
terminals, depending entirely on the connections to 
points (1). (2), (3), or (4). 

Connecting a circuit to the grounded terminal which 
we designate G, as a matter of convenience, makes that 
terminal actually positive relative to terminals (3) or 
(4) and negative relative to terminals (1) and (2), 
although all the time it is at ground potential. This is 
‘a conceivable arrangement for making the cathode of 
a cathode-ray tube negative relative to ground, which 
is the potential of the accelerating anode ; the acceler- 
ating anode requires a positive potential with respect 
to the cathode which it receives this way, yet the accel- 
erating anode is negative with respect to the post- 
deflection anode, and this allows the application of a 
still higher positive voltage at the post-deflection inten- 
sifier terminal. These voltages may not necessarily be 
obtained from a single divider in exactly this fashion, 
but it does indicate the possible combinations of power- 
supply voltages and polarities. Examples of these will 
be given shortly. 

Still another example of varying location of the 
ground point on a voltage divider is shown as (C) in 
Fig. 10-132. Here the most positive point on the di 
is connected to ground. The polarity of the remaining 
points is a matter of what is taken as the reference 
point. If ground is positive [terminal (1)] then all of 
the other points along the divider are negative, where- 
as if terminal (5) is taken as the reference point, then. 
all of the other points along the divider are positive 
with respect to it. The fundamental polarity along the 
divider is, of course, established by the direction of the 
current flow through the unit. This makes terminal 
(1) the most positive and terminal (5) the most nega- 
tive and it is not altered in the slightest by the ground 
connection. The change in polarity comes about 
through the selection of the reference point of meas- 
urement, for, in the final analysis, all polarity is rela- 
tive — the appearance of things depends upon where 
one sits. 

‘These comments concerning polarity are quite per- 
tinegt to the successful measurement and interpreti- 
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tion of conditions in oscilloscope equipment for the 
demands of the operating sections in these instruments 
have caused numerous modifications in the design of 
power-supply circuits. 


Power Transformer — Rectifier Tube 
Circuit Variations 


One of the interesting aspects of power supplies is 
the variation to be found in the power transformer — 
rectifier tube circuit arrangements so as to satisfy not. 
only the different voltage needs of a system, but also 
the different polarities of these voltages relative to 
ground, In order to show these most effectively, the 
circuits which follow will not contain the filter systems, 
for these have no hearing on the modifications of the 
balance of the circuits. 

то 
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Fig. 10-133—Single high-voltage winding tapped to serve 
two separate full-wave rectifying systems. 


In Fig. 10-133 is shown a single winding tapped so 
as to serve the high-voltage requirements of two sepa- 
rate full-wave rectifying systems A and B, each of 
which demands a different a-c voltage input. When we 
identify this voltage as “high,” it has a relative mean- 
ing ; in one system, it may be high by comparison with 
other voltages being rectified, and in another system, 
these same values may be "low"voltages. 

Concerning the circuits, the transformer center tap 
is common to both rectifying systems, and the current 
for the higher-voltage rectifier B flows through that 
portion of the winding which supplies the tubes re- 
ceiving the lower voltage A, whereas the current for 
the low-voltage tubes flows through only that part of 
the winding which is common to both rectifiers. Each 
of the rectifier systems has its one positive output lead 
which connects to its own filter, whereas the negative 
lead from the high-voltage winding center tap is com- 
mon to both filter systems. The kinds of filters which 
would be used with these rectifiers are matters of indi- 
vidual design and are not influenced by the special 
power-transformer design. 

‘Another interesting arrangement is shown in Fig. 
10-134, Here a single high-voltage winding serves two 











Fig. 10-134—Two full-wave rectifiers in parallel, (A) 
consists of separate half-wave rectifier, and (B) has both in 
the same envelope. 


full-wave rectifiers; one of these A consists of two 
half-wave rectifier tubes, whereas the other B has both 
half-wave sections inside of a single envelope. The 
positive legs of each system are center taps of the fi 
ment windings and each connects to its individual filter 
system, The center tap of the high-voltage winding is 
the negative leg which is common to both filters. 
Another version of a dual rectification system is 
shown in Fig. 10-135. Here a "low" voltage rectifier 
he full-wave kind delivers a voltage that 
relative to ground, and a separate and individual 
"high" voltage rectifier delivers a voltage which is 
negative to ground. For identification purposes, the 
low-voltage rectifier plates are P1-P2 and its cathode. 
is K. The power transformer contains a i 
ous winding which is tapped at several points. Points 
a, b, and c afford the voltage necessary for the low- 
voltage full-wave rectifier and the center tap on this 
winding is connected to ground, Neglecting for the 
moment any other possible system, what we have de- 














Fig. 10-135.— Dual rectification system consisting of a low- 
voltage full-wave rectifier PI-P2 yielding a positive output, 
and a high-voltage half-wave rectifier P3 yielding a negative 
output. 
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scribed is a conventional rectifier in which the high- 
voltage winding center tap is the grounded negative 
point. The cathode A common to both plates of the 
full-wave rectifier tube is the positive point and this 
feeds into a filter which we illustrate in block form. 
‘The output of the filter is shown connected to a hypo- 
thetical amplifier to which it is furnishing the plate 
voltage in conventional manner, There is nothing un- 
usual about this arrangement. 

Referring to the remainder of the same illustration, 
let us examine the extension of the previously men- 
tioned plate winding. A voltage will exist between 
points b and d. It will afford a voltage which is deter- 
mined by the turns ratio between this segment of the 
complete secondary winding and the primary winding 
and the primary voltage. The fact that another portion 
of the winding may he connected to a rectifier system 
is immaterial to the behavior of the second rectifier 
tube containing the electrodes P3 and K3. Further- 
more, the fact that ground point b on the transformer 
winding is negative with respect to the output of the 
full-wave rectifier docs not necessarily mean that it 
must be negative for any other rectifier. Ground has a 
dual polarity ; it may be positive as well as negative. It 
can accept charges and it can release charges. Its in- 
stantaneous polarity is a matter of what conditions 
exist in the circuit of which it is a part. 

In the case shown, the secondary voltage will have 
a polarity which will make the ground point b and the 
point d alternately positive and negative. In fact, there 
will be correspondence between the points c and d in 
polarity relative to ground point b. When the latter is 
Positive, points c and d are negative. When the cathode 
K3 is negative relative to its plate, the tube is in a con- 
ducting state and a pulse of rectified current will pass 
through the half-wave rectifier, through the load re- 
sistor R and back to cathode K3 via the grounded 
point b. The significant detail here is that the direction 
of the current through the load resistor R makes its 
upper terminal negative and its lower terminal (the 
‘one connected to ground) positive, so that we have 
available a negative voltage relative to ground. The 
half-wave rectifiefis then a negative high-voltage sup- 
ply. It does not interfere with the performance of the 
low-voltage positive polarity rectifier. 

Inasmuch as every point in an a-c system may be 
positive at one instant and negative at the next, it is 
conceivable to use the same voltage point for two dif- 
ferent kinds of power supplies by properly connecting 
the rectifier tubes, so that only one is operating at any 
‘one instant. Of course, both will afford output volt- 
ages. The fact that these two systems will function 











Fig. 10-1364—Dual rectification system consisting of two 
high-voltage half-wave rectifiers; the system PI-KI hara 
positive output and P2-K2 a negative output, 


alternately at the respective rectifiers will not affect 
the output. One may be negative and the other may be 
positive and each will be effective by itself just as if. 
the other one did not exist at all, 

What we have in mind is shown in Fig. 10-136. 
Point a on the high-voltage winding is common to two 
half-wave rectifier tubes; to the plate in one case and 
to the cathode in the other. The other end of the wind- 
ing is grounded, which makes it common to the two 
rectifier outputs. One of these is a positive voltage out- 
put and the other is a negative voltage output, with 
respect to ground. When point a becomes positive rela- 
tive to ground, conduction takes place between K1-P1 
and the direction of the current through the associ- 
ated rectifier is shown by the arrows labeled ,. When 
point a on the power transformer becomes negative 
relative to ground, conduction takes place between 
K2-P2 and the current through the rectifier system is 
shown by the arrows labeled Гл. 

An arrangement of this type could very conveniently 
furnish the operating potentials to the accelerating 
anode of a cathode-ray tube by connecting that point 
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to ground, the cathode to the negative supply, and the 
post-dleflection intensifying anode to the positive sup- 
Ply, as shown in Fig. 10-137. By making the cathode 
negative with respect to the grounded accelerating 
anode, the latter is made positive relative to the cathode 
by an equal amount. By connecting the post-deflection 
anode to the positive power supply, this element is 
тиайе positive relative to the grounded accelerating 
anode by the voltage of the positive supply, and posi- 
tive relative to the cathode of the cathode-ray tube by 
the sum of the voltages of the two power supplies. If 
the negative supply is rated at —1,600 volts and the 
positive supply is rated at +2,000 volts, the acceler- 
ating anode is 1,600 volts positive relative to its cath- 
ode and the post-deflection intensifier ring anode is 
3,600 volts positive relative to the tube cathode. 
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Fig. 10-138.— Illustrating the use of a time-delay relay for 
the delayed application of the high voltage in a mercury-vapor 
rectifier system, 


The use of mercury vapor type rectifier tubes de- 
mands certain special transformer arrangements re- 
gardless of what other type of rectifiers may be used 
їп the same instrument. Inasmuch as the a-c voltage 
to be rectified cannot be applied to the mercury vapor 
tubes until the heater in the device has vaporized the 
mercury (otherwise the tube or tubes may be dam- 
aged), it is customary to include some protective ar- 
rangement in the circuit which controls the application 
of the “high” a-c voltage. This may be done in a num- 
ber of ways, but one commonplace system is shown in 
Fig. 10-138, A time-delay relay receives its heater cur- 
rent from the same transformer T1 which supplies the 


heater current to the mercury vapor tubes and supplies 
heater and plate voltages to other high-vacuum recti- 
fiers. The plate voltage for these tubes is secured from 
a separate transformer T2, the primary circuit of 
which contains the time-delay relay contacts as a series 
element. 

When the primary power is applied to 77, only the. 
heaters for the mercury vapor tubes are activated and. 
the time-delay relay is heated, Depending upon the 
setting of the relay, the application of the plate voltage 
to the mercury vapor tubes is delayed by the relay until. 
such time as the gaseous rectifiers have had a chance 
to become properly heated, This may involve a time 
lag of from 30 seconds to 1 minute. During all this 
Time, the primary circuit of the high-voltage plate 
transformer T2 is open, and it becomes closed auto- 
matically when the relay contacts are closed. Then the 
plate voltage is applied to this rectifier, Other rectifiers 
‘of the Ingh-vacuum type may be part of the power- 
supply system hut they do not require protection of 
this kind. 





Voltage Regulators 


No matter how well the filter system of a power sup- 
ply may be designed, some variation in output voltage 
will occur as the current drain iy changed. The changes 
in current load cannot be held constant under all con- 
ditions of equipment operation, In the final analysis, 
the equipment load must perform its allotted function 
and in so doing may undergo wide changes in current. 
drain in accordance with the signal requirements. Yet 
the same equipment may demand a constant voltage. 
To satisfy all of these needs, recourse is had to voltage 
regulators as shown in Mig. 10-139, These аге devices 
which keep the output voltage constant by acting as 
automatic variable voltage dropping systems.-As the 
current drain on the supply increases or decreases, the 
voltage drop across the voltage regulator decreases or 
increases, thus keeping the power-supply output volt- 
age at a constant level. 

Tf the load on the rectifier is reduced so that the out- 
put voltage tends to rise, the regulator element in series 
with the load automatically increases its resistance and 
thus increases the voltage drup across it, thus keeping 
the output voltage constant. If the load on the power 





уота 
REGULATOR 
Fig. 10-139.—Block لوا‎ 
diagram of an elemen- L^] 
fary voltage 
Tem. (v) 
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supply is increased, tending to reduce its output volt- 
age, the regulator element would automatically de- 
crease its resistance, thus raising the output voltage to 
its previous level, and keeping it constant. 

Naturally the regulator must be designed for oper- 
ation over a specific range and the vacuum tubes used. 
for this purpose bear definite ratings of current and 
voltage which must be adhered to, if regulation is to 
be attained. Sometimes instead of a simple tube which 
can accomplish this action, a complicated amplifier 
system is used. 

One of the most frequently used voltage regulators. 
is the "glow" tube, a gaseous discharge tube across 
whose terminals the voltage drop will remain constant 
over a wide range of currents through the tube, This 
action stems from the latitude in the degree of ioniza- 
tion of the gas within the tube. If the current through 
the tube is high, the ionization is great, whereas if the 
current through the tube ix small, the degree of ioniza- 
tion of the gas is small, while a fixed voltage drop is 
maintained across the tube, Understandably, the tube 
bears a rating of minimum current in order that it be 
effective, If this cannot he attained, then the tube will 
not function because the gas will not be ionized. What- 
ever imum requirement may be is naturally 
taken care of in the desigu of the power supply. At the 
same time, each tube also bears a rating of maximum 
current which may be passed through the device with- 
out damaging it. These data are stated in the type 
numbers assigned to such units, 

Examples of these tubes are the VR-75, the VR-105, 
and the VR-150. The first two letters indicate that it is 
a voltage regulator. The numbers 75, 105, and 150 
state the constant voltage which appears across the 
terminals of the tube for rated current drains. One 
important point which must be borne in mind is that 
the voltage reference dictates that at least that much 
voltage must be available across the terminals of the 
tube in order that the tube “fire” or the gas be ionized. 
For example, a simple application is shown in Fig. 
10-1404. If this tube is rated at 75 volts, it means at 
at least 75 volts must be available across points a-b to 
start the actiorf, If this condition is satisfied, then the 
voltage output will be kept at 75 volts for a wide 
variety of current drains. However, if for some reason 
the voltage across a-b is allowed to fall too far below 
the regulator tube rating, the tube will cease firing and 
the regulating action will cease. 

An example of the location of such a glow discharge 
voltage regulator in a power-supply system is shown 
in Fig. 10-140B. Load A is the main load on the power 
supply and does not receive a regulated voltage even 
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Various arrangements of glow discharge 
voltage regulator tubes; (A) is a simple 75-volt regulated 
cut, (R) bas a regulated output and an unregulated output 
at à higher voltage, and (C) isa regulated supply having 75- 
and 375-volt outputs, 





though the voltage regulator is active in the system, 
Load P. on the other hand, receives a regulated voltage 
because it is the voltage across the regulator tube. It is 
conceivable that the output voltage from the supply as 
‘a whole is within the control of a single regulator tube, 
in which case, the circuit would be as in rather than 
asin B. 

Although the voltage ratings of these tubes seem 
limited, their performance is such that they may be 
ised in various series combinations so as to accommo- 
date a variety of voltage requirements, Thus three 
VR-75 tubes may be used in series so as to regulate 
225 volts, or the same regulation can be secured by 
using a VR-75 in series with a VR-150, or three 
VR-150 tubes may be connected in series to regulate 
450 volts, etc. Such an arrangement is shown in Fig. 
10-140C. This system affords a regulated 375 volts 
anda regulated 75 volts, 

Another aspect of these devices is their behavior 
relative to the removal of ripple. A regulator tube 
tends to keep the voltage constant and a ripple is tanta- 
mount to a variation in voltage. In effect, the use of 
such voltage regulators is the equivalent of having 
added capacitance to the filter section, in that way re- 
ducing the “hum” in the output and obtaining a more 
constant output voltage. It also is beneficial as a means 
of attaining a low impedance at the output of the power 
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Fig. 10-11.— Schematic of a basic electronic voltage regu- 
lator system, 





supply so that the possibility of coupling between dif- 
ferent sections of the oscilloscope via the common 
pedance of the power-supply output circuit is mini 
mized. 

Voltage regulators of more complex nature also are 
used. These are used when the current requirements 
‘exceed the capabilities of the glow discharge tubes. A 
fundamental system of this kind is shown in Fig. 
10-141 and the specific arrangements used in some 
oscilloscopes are elaborations of this basie circuit. Since 
the discussion that accompanies the schematic wiring 
diagrams of the commercial devices explains the cir- 
cuits used in the instruments, this explanation of a 
basic system might serve as a foundation. 

‘The regulated output voltage appears across the 
series combination of R1, R2, and R3, although these 
three resistors do not comprise the complete network. 
A part of it is tube VZ, which is operated as an auto- 
matically varying resistance which, in effect, is in 
series with the three resistors previously mentioned. 
Thus, by varying one of the elements automatically, 
the voltage across the other three is maintained con- 
stant over a wide range of currents. These flow through 
V1 and are controlled by the pentode tube V2. 

In order to follow the action of this circuit, let us 
set up a number of conditions. The cathode of V1 has 
a bias resistor Ré, which is common to the plate circuit. 
of V2, and which we can call the load resistor for that 
plate circuit. The plate of VI derives its plate voltage 
from the unregulated, but filtered, supply. The grid 








of that tube receives a bias from the bias resistor R4, 
and, as can be seen, the plate-cathode resistance of tube 
ИТ із ће series element between the unregulated and 
the regulated positive leads of the system. By variation 
of the grid bias of V1, control of the plate-cathode re- 
sistance of that circuit is attained. This bias is con- 
trolled in turn by the bias conditions in V2, since the 
plate current of that tube flows through the cathode 
resistor of 7. The bias conditions in 2, on the other 
hand, are controlled by the setting of the potentiometer 
R2 so that the potential at the grid of V2 is less posi- 
tive than its cathode by whatever amount is necessary 
to pass that amount of plate current which will result 
in the required voltage across the positive-negative 
jutput terminals. This is the voltage the system is 
supposed to maintain, 

Let us assume that the load voltage tends to rise 
because of reduced current drain, or duc to an increase. 
in voltage from the filter system. For the moment, until 
regulation sets in, the voltage across the RI-R2-R3 
network also tends to rise so that the voltage applied 
to the control grid of 72 tends to make that grid less 
negative, The cathode voltage being controlled by the 
glow tube tends to remain constant, Since the control 
grid has become less negative, the plate current in 72 
tends to increase, This, in turn, is the equivalent of an 
increase in current through A4. Therefore, the control 
grid of 171. becomes more negative and increases the 
plate-cathode resistance of 171, causing an increased 
voltage drop across that resistance and tending to re- 
duce the voltage across K1-R2-R? to its original value, 

Jí the change in voltage were in the direction oppo- 
site to that mentioned, the control grid of V2 would 
become more negative, thus reducing the bias voltage 
on the control grid of V1, since the current through the 
cathode resistor R4 would be decreased, This would 
lower the plate resistance of 7'7 and thus reduce the 
voltage drop across that tube, tending to maintain the 
voltage across the output, 


Multibeam Oscilloscopes 


‘The multibeam oscilloscope is a variation as far as 
basic oscilloscopes are concerned in that it may employ 
a cathode-ray tube which contains two or more guns 
or it may consist of two individual single-gun cathode- 
ray tubes. This is an innovation in multiple trace os- 
cilloscopes, both as to the use of two individual tubes 
and also as to the rectangular shape of the screens. An 
example of such a device is shown in Fig. 10-142. (The 
multibeam oscilloscopes are shown in Fig. 1-14 in 
Chapter 1.) In Fig. 10-142, the two screens are located 
parallel to each other with a slight separation between 
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Fig, 10-142—Multibeam oscilloscupe containing two indi 
vidual single-gun cathode-ray tubes 


them as indicated by limits of the wide areas on the 
front panel of the instrument 

Regardless of whether the device consists of a multi- 
gun cathode-ray tube — which, a» we have said earlier 
in this book, may contain as many as ten guns, thus 
affording ten individual beams — or it consists of two 
individual tubes, each with its gun assembly and its 
own deflection system, each tube or gun has its own 
individual sets of beam controls, amplifiers, and the 
like. 

The manipulation of these controls is in accordance 
with what has already been said for the basic oscillo- 
scope, and requires no elaboration. Relative to the in- 
dividual traces which may be developed, all of the facts 
given in this chapter apply to the development of the 
trace, the amplitude control, the relationship between 
the frequency of the signal being observed and the fre- 
quency of the sweep, etc. If anything is singular, it is 
found in some devices wherein a single sweep may be 
used for the production of the horizontal dimension for 
all of the horizontal-deflection systems. This is a facil- 
ity which is Furnished, even though identical time bases 
are provided for each beam so that each gun and de- 





flection system may be utilized independently of the 
other for whatever display is desired. Of course, in the 
case of the multigun cathode-ray tube, only a single 
screen is available, inasmuch as all of the guns are con- 
tained within a single envelope. In the case of the dual 
tube arrangement, individual screens are provided for 
the individual displays. 


Fig, 10-143. —Oscillogram 
showing intensity modulation 
By signats ot dierent regen: 
cles, At the top, a -cps signa 
is intensity modulated at 480 
eps. At the bottom, the same 
reps signal is modulated at 
120 epe. 








Relative to the manipulation of the controls so as to 
position the beams or the traces, those devices which 
contain the multigun single-screen type of tube afford 


the means whereby the traces controlled by the differ- 
hers may be made to overlap so as to enable. 
comparisons of various kinds. Examples of these are 
shown in Figs, 10-143 through 10-146, In Fig, 10-143 
are shown two waves which are slightly displaced hori- 
zontally relative to each other. One of these is inten- 
sity-modulated at eight times the signal frequency and 











the lower one is intensity-modulated at twice the signal 
frequency. In Fig. 10-144 are shown two waves which 


Fig. 10-14.—0,cl- 
login showing pave 
comparison” between 
Suo tine wavis. They 
are plotted on a com- 
mon sweep and super- 
imposed to. facilitate 
measurement. 





have been superimposed along the horizontal axis so 
as to illustrate the phase relationships between them, 
In Fig. 10-145 is shown an extremely interesting ap- 
plication of a dual-beam oscilloscope. One channel 
develops the complete pattern of a phenomenon as 
shown in the upper trace. The lower trace is for the 
same phenomenon on the second channel except that 
this channel, utilizing a much faster sweep, spreads a. 
portion of the upper trace, thus enabling easier anal- 
ysis. This is an illustration of the advantage of having 
individual sweeps for each of the guns in the tube, In 
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ig. 10-MS.—A complex waveform taken from an ordinary 
fluorescent lamp (top) is compared with a greatly expanded 
portion of the same’ waveform (bottom). Expansion is ac- 
Complished by plotting the lower trace on a mach faster sweep. 





Fig. 10-146 is shown the action of a differentiating 
circuit acting on a square wave. One beam and its 
amplifiers act on the square-wave signal at the input 
of the differentiating circuit. The action i» displayed 
by the upper trace. The lower trace shows the same 
signal after differentiation, Both signals are plotted on 
a common sweep, which means that the same »weep. 
was used to drive the two beams in the horizontal di 
rection, whereas individual vertical amplifiers were 














iat 





used to feed the two signals to the respective deflection. 
systems. 





Fig. 10-146.—Oscillogram showing a square-wave signal 
(top) and the resultant waveform after differentiation by an 
RC network (bottom). Both signals are plotted on a com- 
mon sweep. 


AII of the traces shown in Figs. 10-143, 10-145, and 
10-146, which are displaced horizontally, may be posi 
tioned so that they are superimposed to facilitate 
studying by the proper manipulation of the positioning 
controls associated with each of the channels. Such 
superpositioning is not possible in the device which 
‘employs two individual tubes. Comparison is never- 
theless possible since the two tube screens are parallel 
and fairly close together. Thus, the traces shown in 
Figs. 10-143, 10-145, and 10-146 could well appear on 
the two-tube unit with the upper trace on one tube 
screen and the lower trace on the other tube screen. In 
all of these devices, each system or each channel is in 








reality an independent oscilloscope and the handling of 
the controls may be carried vut on that basis. The abil- 
ity to use the same sweep for hoth tubes or for the two 
sets of deflection systems is an added feature for pur- 
poses of flexibility. 

Relative to the nomenciature assigned to controls on 
these devices, they are labeled in the same manner as 
the single-gun or single-tube instruments, and it is 
customary to group the controls for each channel sepa- 
rately. In this connection, the various controls whieh 
function on the heam may bear the label BEAM A, 
BEAM B, or BEAM 1 and BEAM 2. Relative to the 
amplifier, sweep, sync, and similar controls, they m: 
he identified as CHANNEL A and CHANNEL. B, 
or ay CHANNEL 1 and CHANNEL 2, ete 

Concerning the performance characteristics of the 

















section which comprise the different channels, in- 





variably they are identical both ay to frequency re- 
sponse and as to sensitivity. However, this deserves 
some qualification, for, ax we described in Chapter В, 
a certain tolerance is employed in the manufacture of 


the guns and the deflection systems s0 that perfect 





lence of two traces may not always be possible, 





However, the deviation in the case of the multigun 
tubes i» never so great as to impair the utility. As a 


rule, manufacturers try to compensate in th 





fier system» for such tube tolerances, OF course, this is 





1o problem in the multitube oscilloscope, since the two 
traces cannot be superimposed. 


FREQUENCY COMPENSATION 


s book iy not intended as a text on the 
muplifiers it seems fitting to deal 

псу compen- 
in more than casual terms, We have placed so 


Although i 








v oscilloscope 





with the matter of low- and high-frequ 





sat 





much emphasis on the matter uf frequency response in 
a short discussion on the means of 
attaining the necessary response will not be out of 
place. 

The mathematical analysis of frequency compensa- 
tion may be neglected by the individual who has no 


this chapter th 








Fig. 10-147. Typical R-C coupled amplifier. 
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interest in such details without destroying the intent 
of the discussion. 

The basic circuit for a vertical or a horizontal am- 
plifier is an R-C coupled amplifier as shown in Fig. 
10-147. This circuit has no compensation for either 
the high- or low-frequency response. The gain will fall 
off at both the high- and low-frequency ends. Let us 
briefly discuss the reasons for the response dropping 
off. 

Considering the low frequencies, we can see that the 
coupling capacitor C) is in series with the grid resistor 
К, of the following tube, The output signal from the 
first tube is applied across this series combination. As 
the frequency becomes lower, the reactance of the 
capacitor Cy becomes higher, and less of the output. 

i 's across resistor N to be applied to the 
eere is also a phase shift due to this re- 
sistor-capacitor combination 

At the high frequencies, the effect of C, becomes ap- 
preciahle. C, represents the total shunt capacitance due 
to the output capacitance of the first tube, the input 
capacitance of the second tube, and all the stray capaci- 
tance due to the wiring. At the high frequencies, the 
reactance uf this capacitance becomes small enough to 
lower the impedance of the plate load of V1, The plate 
load, instead uf being a pure resistance, will then be a 
resistance in parallel with a capacitive reactance. This 
smaller load impedance will cause the output voltage to 
drop and the capacitive component of the load will 
cause a phase shift in the output signal 

Because of the deficiencies mentioned above, it is 
evident that the ordinary K-C coupled amplifier is not. 
good enough for use as a vertical amplifier without 
some form of compensation to offset the falling off in 
response at the low and high frequencies and to give 
a linear phase shift to prevent phase distortion. We 
will now consider the different methods used for low- 
and high-frequency compensation. 


Low-Frequency Compensation 
"We have seen how the combination of coupling 
capacitor Cy and grid-leak resistor R reduced the low- 
frequency respond of the vertical amplifier. These ef- 
fects of attenuating the low frequencies must be com- 
pensated for in wide-band amplifiers. These amplifiers 
employ pentode tubes of such design that they have 
relatively high values of mutual conductance ga and 
small values of interelectrode capacitances. The rea- 
sons for these design features will soon be evident. 
When an R-C coupled amplifier is compensated at 
the low-frequency end, another resistance R’, is placed 
in series with the plate-load resistor Ry and a capacitor 
































Fig. 10-148—Typical, low-frequency compensated RC 
coupled amplifier. The decoupling network RC", has been 
added to the circus of Fig. 10-147 to beter the low-frequency 
response. 





1s placed across the added resistor. Fig. 10-148 shows 
a typical low-frequency compensated amplifier, in 
which K's is added to better the low-frequency re- 
sponse. This addition of КУС appears to he nothing 
more than a decoupling network. In reality it is a de- 
coupling network with the sereen B+ lead connected 
directly to B+ instead of between Ry and R's, Besides 
ity immediate use of raising the low-frequency re- 
sponse, it decouples any undesired feedhack voltage 
due to the common impedance of the plate supply. 

Since the tube used i» a pentode, we can make some 
approximations for simplifying the analysis of this 
cuit. The grid-leak resistor Re is much larger than the 
plate-load resistor Ky and the plate resistance of the 
tube r, is much greater than Kp; therefore, all that is 
necessary is to take into consideration the esse 
effect of the combination А.С». At low frequencies, 
R,Cy causes а drop in signal potential from the plate 
of tube F7 to the grid of tube V2 and also causes phase. 
shift between the two tubes. The coupling capacitor 
Cy causes the shift, Why, then, is the value of Cy not 
made large enough so that it will offer negligible re- 
actance at low frequencies? The value of C, could be 
increased and this would improve the low-frequency 
response, but since we are dealing with frequencies of 
several hundred kilocycles and higher, the larger the 
value of C, the greater will be the shunt capacitance 
to ground that it introduces. These shunt capacitances, 
although extremely small, are very detrimental at the 
high frequencies. Low-frequency compensation is used 
to avoid the introduction of these shunt capacitances. 
The insertion of R',C', compensates for the loss in gain 
at the low frequencies and also introduces a phase shift 
to compensate for the undesired phase shift introduced 
by RACs. 

Since the combination of R.C, at low frequencies 
reduces the gain, the combination of FC's at these 
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same frequencies is inserted to offer a higher load im- 
pedance to tube VZ, and increase the gain, Increasing 
the load impedance will increase the effective voltage 
across the load and bring the gain back to normal. 
Again referring to Fig. 10-148, the operation is as 
follows. The voltage across the grid-leak resistor de- 
creases (thereby decreasing the input to the grid of 
tube V2) because the reactance of Cy increases as the 
frequencies are decreased. The reactance of capacitor 
C's increases at the same time. As a result, the parallel 
combination of KC, is seen to be an impedance that 
is added to the plate-load resistor Ky and effectively 
increases the total load impedance on the tube VJ as 
the frequencies are decreased. 

Since this amplifier stage uses a pentode and r> Rs, 
the gain at low frequencies in the ease of this compen- 
sated stage is expressed as 





А = Лы (10-13) 


1 
vey 
where 

Aloe = the gain at low frequencies 
Am = the gain at intermediate frequencies 


Xo = the reactance of the capacitor Cy 
Жым = the total effective load impedance, including 





From this equation it may be seen that the effect of 
the original plate-load resistor Ry has been changed to 
Zima Since the plate-load impedance has been in- 
creased by the K',C'y combination, the gain at low fre- 
quencies is also increased. As the frequency decreases, 
the ratio of Xey/Zyas also decreases, making equation 
(10-13) approach the gain at intermediate frequencies, 
Aug. It would be ideal if resistor Rs could be increased 
to an infinite amount but the need for an appreciable 
amount of plate voltage on the tube makes this impos- 
sible. If this could be achieved, the gain would be equal 
to that of the tube itself and no loss would be encoun- 
tered; the gain would be maximum and flat through- 
ош {Һе response. From experimentation it has been 
found that, for the proper response, the time constants 
of R’sC’s and ReCy should be equal to each other. The 
voltage loss due to Cy will then be compensated (in 
direct proportion) by the voltage gain due to the total 
load impedance, in such a way that the voltage across. 
the grid-leak resistor R, will remain constant. In many 
instances, the combination of RyC’s is chosen first and 
the coupling capacitor Cy is made as large as is desired, 
then the grid-leak resistor Re is determined. For in- 
stance, assuming that C' is chosen to be 40 uf, Cy 





chosen as 025 pf, and the time constant of RC, to be 
01 second (100,000 microseconds) it is desired to 
know what the values of Re, R's, and R, are at the 
lowest frequency of operation, which in this case is 
assumed to be 5 cps. Therefore. 


RCs = Ry C's = 100,000 psec 





and since C, =40pf, 

Mos E » um = 2,500 ohms, 
Since Cy= 0.25 af 

ke = 199000 190,900 ohms. 


R's should be chosen to he about 20 times greater than 
the reactance of C's at the lowest frequency to be passed 
(5 cps in this cawe) and yet not drop too much of the 
supply voltage. Therefore 

20 
эс, 
á 20 = 
= TOT OX TOT = 15900 ols. 


We, therefore, find that 


20X, 











Ky — should be about 2,500 ohms. 
к, should be about 400,000 ohms 
Ry = should be about 16,000 ohms, 





‘The equation for the gain at low frequencies of an 

uncompensated A'-C coupled amplifier is 

1 
X, 
R. 

If this equation is studied, it will be found that the 

phase shift, due to the &,C, combination, at the low 

frequencies is 


PDT (10-14) 





1+ 


۵= n A (10-15) 
where @ is in degrees. It can be seen that the coupling 
capacitor C, causes a lead in phase. Inserting the 
CIC, network into the load tends to cancel this phase 
lead by introducing a phase shift in a lagging direction. 

Besides the grid-leak resistor and coupling capacitor. 
combination, there are two other resistance-capacitance. 
combinations that cause a falling off in gain and a lead- 
ing phase shift at the low frequencies. First, there is 
the effect of the RC, bias impedance. The best way to 
eliminate this effect would be to eliminate RxCy and 
apply bias another way. This is usually not desired, as 
cathode bias is preferable in many cases, so it has been 
determined experimentally that this undesired effect 
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can be compensated for by making the time constant of 
RC equal to the time constant of R’sCy. Mathemati- 
cally we have 

RCL = aC (10-16) 


Secondly, there is the effect of the screen-grid cir- 
cuit. A pentode tube possesses a dynamic screen-grid 
resistance as well as a dynamic plate resistance. This 
screen-grid rag in combination with the bypass capac- 
or Cy also cause» a falling off in response and a phase 
shift (leading) at the low frequencies. Since it is diffi- 
cult to vary such an element as rag, and because Cy is 
the only variable parameter, little compensation can be 
accomplished by a single stage; better compensation 
is obtained by the use of several stages of amplification. 

A very important thing to note is that in all these 
compensating problems R’,C’s plays the important role, 
Although R’sC’s can be used to compensate for any one 
of the above cases, only one case can be compensated 
for in a stage such ax shown in Fig. 10-148. A usual 
practice in eathode-biased amplifiers is to make Re very 
large (this is usually possible) and, therefore, the time 
constant of XC, will be large and the needed compen- 
sation is shifted to the RiCy combination (instead of 
the R,Cy 7 PC, combination). 




















FREQUENCY 
(iN everts) 


Fig. 10-149—The effect of inserting different values of the 
shown. A» the time constant of the de- 
increased, the low-frequency response 





coupling network 
increases. 


In Fig. 10-149 are several curves showing the effect 
of the insertion of the &',C'y network on the low-fre- 
quency response for different values of KC. From 
these curves it is seen that as the time constant of the 
RC combination is increased, the low-frequency re- 
sponse increases. However, there are practical limita- 
tions to the values of Ry and C'y that can be chosen. 


High-Frequency Compensation 
High-frequency compensation is even more impor- 


tant than the low-frequency compensation because of 
the higher band of frequencies to be passed. In oscillo- 


scope amplifiers, frequencies as high as several hun- 
dred kilocycles and even several megacycles have to be 
passed with a fairly flat response from the minimum 
frequencies on upward. Therefore, this type of com- 
pensation is considered as the more important one, 

There is really only one part of the R-C coupling 
circuit that reduces the response at high frequencies, 
as compared with the three different networks affecting 
the low frequencies, Referring to Fig. 10-147, the total 
shunt capacitances, represented by the capacitance 
C,, existing in the R-C circuit are the chief reasons for 
the high-frequency response falling off. 

Since these shunting capacitances are difficult to 
reduce due to their inherent qualities, compensation 
must be made to offset their effects. Since we are deal- 
ing with high frequencies, the reactance of these shunt- 
ing capacitances is very low and offers a low-imped- 
ance path to these frequencies. Considering a single 
coupling stage, these capacitances include the output. 
and input capacitances of the first and 4econd tubes, 
respectively, the interelectrode capacitances of the 
tubes themselves, and any stray wiring capacitances, 
such as those between the coupling capacitor Cy and 
ground. The equation for the gain at high frequencies, 
assuming r,>R, and R,>Ry, becomes 
Gok 

















)10-17( ا 
VIF (ACR‏ 

This relation states that the gain of an R-C coupled 
amplifier stage at high frequencies Ang is dependent 
upon four distinct factors: the transconductance oF gm 
of the tube used; the plate load, or Ks, on the same 
tube; the frequency of operation f; and the total shunt- 
ing capacitances C,. Consequently, from the above ex- 
pression, it is found that if the gw of the tube in ques- 
tion is high, so will the gain Ana be high; but if the 
shunt capacitances, Cy, of the tube and the frequency of 
operation fare high, the gain will decrease. 

Assuming Ry equals $0,000 ohms, gq equals 1,500 
micrombos, f equals 1 Mc, and C, equals 30 uf, then. 

„— (1500 x 104) (50,000) — = (50,000) 
ur + [ey xi 10%) ( 
E -79 

From the above mathematical computation, the gain 
at the middle frequencies, which is equal to gaR is 75, 
as compared to the gain at the high-frequency end of 
the band, which is 7.9. The drop in gain, as mentioned 
before, is due to Cy. 
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Shunt Peaking 


Tt is scen that with a tube of good mutual conduct- 
ance and a circuit with the total shunt capacitances 
small, the gain at high frequencies will be high. The 
gm of the tube is controlled by using special high-gw 
pentodes designed especially for wide-band amplifiers, 
The undesired effect of Cs is reduced by inserting in- 
ductances in the circuit at special places. These in- 
ductances effectively increase the load impedance on 
the amplifier, thereby increasing the gain lost by the 
shunting capacitances. This is analogous to low-fre- 
quency compensation where the effective load imped- 
ance is also increased. The simplest type of compensa- 
tion at the high frequencies is to insert an inductance 
L, in series with the plate-load resistor Rp. Ly is known 
as a peaking coil because it effectively “peaks” the 
high-frequency end of the response curve. This ty 
cof stage is sometimes referred to as a "shunt-peaked" 
sage because the coil is placed in shunt with the tube 
(effectively from plate to ground) 

Fig. 10-150А shows a typical widle-hand oscillo- 
scope amplifier compensated at the high-frequency end 





























only and its equivalent circuit at these frequencies. In 
Fig. 10-1508 the coupling capacitor Cy is omitted be- 
cause at these high frequencies its reactance is so low 
that it becomes effectively a short circuit. The total 
Iad impedance on tube 177 is the combination of Ry 
with Ly, both in parallel with the shunting 
capacitances C, as shown in the dotted portion of Fig. 
10-1508. An analysis of this circuit is necessary in 
order to show how the effective load impedance is in- 
creased in order to increase the gain. (The grid-leak 
resistor FK, is neglected ay part of the load impedance. 
because it is usnally very high and it has little effect on 
the parallel branch.) 

The total load impedance represented by Zy, is given 
as follows 








(10-18) 





T is known that a parallel resonant circuit has a very 
high impedance at resonance and, therefore, a large 
voltage will be developed across it. Consequently, since 
the effective load impedance hay to be increased to off- 











„ЮА typical video amplie compensated only at the high-frequency end is shown in (A) and its equivalent ciris 
in 


and (C). 
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set the drop in response, the parallel circuit of Ry, Ly, 
and C; is made to resonate at the highest frequency 
that we desire to amplify. The proper values needed 
for this resonance are chosen from Rs and Lp, because 
C, is fixed. Assuming that the resonant frequency has 
already been established in the circuit, the capactive 
reactance is equal to the inductive reactance (Xz 
Xz), provided that the resistance Ry has a minor ef- 
fect. The load impedance becomes 





Z,5Xavl*(Xu/R)O* — (10-194) 
er Z2 Xovl*(Xo/R)* — (10-198) 
ог Z,=XiyV1F (Kosky)? — (10-19C) 
ог 2:= ХүТ+ (Х/К). (10-190) 


Equations (10-19A) through (10-19D) are all 
‘equal because they are evaluated at the resonant fre- 
quency where Xp = Xe, under the above assumption, 

From our previous knowledge of resonance curves, 
it is known that the critical frequency or the minimum 
frequency (for either the high or low end) acceptable 
for design purposes is that point on the curve where 
there is a 3 db drop in gain. At the high end. it is this. 
frequency that we start with in correcting the gain 
because all the frequencies hetween the intermediate 
‘ones and this high one fall into the acceptable area. For 
good response in R-C coupled amplifiers, the load re- 
sistance is made equal to the reactance of its shunting 
capacitances which is what we have at the 3-db point. 
Therefore, we get 


Ry Xo 











- 
"С, 
the frequency where correction starts. 
Under this criterion the radical of equation (10-19) 
becomes equal to the square root of two and the mini- 
‘mum load impedance that will be presented to the am- 
plifier at the resonant frequency of Ly and C, is 
2,.=Хаү?=14 Хо (10-21А) 
ог 2,= Х,,ү2= 141 Хь (10-218) 


(10-20) 





The maximum fgequency that has to be compensated 
for must be found, Assuming this frequency to be the 
1 Mc mentioned, then it is known as the correction fre- 
quency for which the wide-band amplifier must be de- 
signed. When the parallel impedance becomes effec- 
tively a pure resistive load to the tube (at resonance), 
then the total reactance of the circuit is zero and the 
reactance of one branch is equal to that of the other. At 
this point, the inductance L, becomes 


Ly = (К)? (10-22) 


Thus, if we know the load resistance Ry used and 
have figured the shunting capacitances, we can calcu- 
late the value of shunt-peaking inductance L, needed. 
It has been found from practice that when a response 
curve is plotted for all values of frequency versus gain, 
using the compensated circuit of Fig. 10-150A and 
equation (10-22), the high-frequency end of the curve 
is improved considerably over that of an ordinary R-C 
coupled circuit. The amplitude or the gain of the re- 
sponse curve receives the improvement, but the over- 
all curve is not as flat as we would desire because the 
value of inductance used seems to be too large and has 
caused too high a rise in gain at the critical frequency. 
‘The rise oF peak of the curve due to coil Ly is the rea- 
son L, is termed a “peaking” coil, From experimen- 
tation, it has been found that for over-all flat response, 
down to the frequency where the load resistance R i 
equal to the capacitive reactance of C;, the peaking coil 
should have a value equal to half of that represented by 
equation (10-22), or 





Ly = (Къ)? (10-23) 
From equation (10-20), C, — Verf, Ry; when substi- 
tuted in equation (10-23), we get 


OSR, 


ж 


Equations (10-23) and (10-24) are design formulas 
that have actually been derived from practice, The re- 
sponse curve will be flat down to the frequency of cor- 
rection if the above formulas are used. The actual 
resonant frequency of the parallel circuit is approxi- 
mately 1/2, or 1.41 times the frequency of correction. 
In summarizing the above equations, we can say that 
the shunt-peaking inductance L can be determined in 
one of two ways: 

First, all that would have to be known to find Ly 
would be the plate-load resistance Ry and the frequency 
of correction and not the shunting capacitances. This 
is evident from equation (10-24). 

Secondly, we do not have to know the frequency of. 
correction in order to find the shunt-peaking induct- 
ance Lp, but we would have to know the load resistance 
Ry and the shunting capacitances Cr. This is evident 
from equation (10-23). 

As an example, suppose that the shunting capaci- 
tances of a stage such as that shown in Fig. 10-150А 
are found to be equal to 30 puf measured at a frequency: 
of 1 Mc. We must now determine the value of the 
shunt-peaking coil L, and the value of the plate-Joad 


(10-24) 
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resistor R, needed. We know that for flat response at 
the high frequencies, the plate-load resistor Ry must 
equal the reactance of the shunting capacitances at the 
‘maximum frequency to be amplified (which then be- 
comes the correction frequency). Therefore, with fe = 
1Mc 








k NE 1 
ZO 2x0 X 105 0X 10775; 
= 5,310 ohms, 
and from equation (10-23) 
Ly = HC Rs)? 
%(30 x 10-12) (5310)? 
23 uh 
or from equation (10-24) 
0.5К, | 05x 510 





423 uh. 








29. — 2e X10 


Asan illustration of how the peaking inductance Ly 
affects the high frequencies, let us examine some typi- 
cal response curves, Fig. 10-151 shows a number of 
different curves, where each one utilizes a different 
value of Ly, Note that the curve where the response is 
the lattest is when Ly = 4C, (Ry)*. 









Fig. 10-181.—The manner in which the peaking inductance 
affects the high frequencies is shown in these typical response 
‘curves, each utilizing a different value of Ly 





Series Peaking 

Another type of high-frequency compensation is 
known as series peaking. This type of circuit is shown 
in Fig. 10-152B. Here the peaking coil is placed in series 
with the output of the amplifier, instead of in parallel 
with it, This type of compensation is used when higher 
gain and more linear phase shift are desired than a 
shunt-compensated circuit provides. (In the previous 


case, the phase shift is also compensated, but not i 
linear fashion.) Fig. 10-152A shows a typical se 
peaked high-frequency compensated amplifier circuit. 
In this circuit, the peaking coil Lg is inserted in such a 
way that it isolates the shunting capacitances related 
to both tubes. C1 represents those shunting capaci- 
tances relat to tube V1, and C2 represents those 
shunting capacitances relative to tube V2. The combi- 
nation of CZ, Ly, and C2 represents a filter network 
which has the characteristics of a low-pass filter, That 
is why series-peaking compensation is sometimes 
known as filter coupling. 

Variations in the circuit of Fig, 10-152A are some- 
times made in order to isolate the shunting capacitances 
at some specific ratio, For instance, in Fig. 10-152B, 
the series-peaking coil Ly is shifted to the plate of the 
load resistor because in some circuits the shunt capaci- 
tances are more evenly distributed under these ci 
cumstances, In Fig. 10-152C the peaking coil is placed 
on the grid side of the coupling capacitor Cy, so that 
the shunting capacitance between the capacitor Cy and. 
ground will be added to CZ and not to C2 as in circuit. 
(A). In all of the above cases, the series-peaking coil 
is inserted in such a way that the shunting capacitances 
are divided on either side of the coil with the ratio of 
C1 to C2 that is most beneficial to the circuit. For most 
practical purposes, and in our discussion, C2 is equal 
to twice C1. In practice, the load resistor R i» usually 
placed on the side of the lower shunting capacitance, 
namely CJ. However, this is not always done, since 
the capacitances may be so nearly equal that it makes 
little difference. Since the total shunting capacitances 
are isolated hy the coil Ly, the value of the load resistor 
Ry in most cases depends upon CI, whereas the value 
of the load resistor Ra in shunt peaking depended upon 
the total capacitance Cı. Therefore, the lower the value 
of C1, the higher the value K, can be, and the greater 
the gain, since the gain depends upon the size of Ry. It 
then follows, from the above discussion, that both the 
values of CJ and C2 have to be estimated quite closely 
for the proper design and use of the plate-load resistor 
Ry and the series-peaking coil L, 

The addition of the series-peaking coil helps the 
high-frequency response in the following way (refer 
to the circuit of Fig. 10-152A). The voltage output. 
from tube V1 is impressed across the plate-load re- 
sistor Ry, Assuming no compensation (La removed), 
then this voltage across Ry would be attenuated at the 
high frequencies due to the effect of the total shunting 
capacitance. With peaking coil Ly inserted, the total 
shunting capacitances are divided, with the smaller 
amount going to C1. The previous loss, which was due 
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to the effect of the total shunting capacitances, is now 
greatly reduced by the effect of C1 alone. This output 
voltage from tube J'1 that is now developed across Ry 
and C1 in parallel is impressed on the voltage-dividing 
network of Ly and C2, Cy presents a short circuit at 
high frequencies and the value of the grid-leak resistor 
Ris so large compared to the reactance of Ly and C2 
that both Cy and К, сап be considered as having negli 
gible effect on the voltage dividing network Ly and C2. 
They are, consequently, neglected in the circuit anal- 
ysis at high frequencies, even though the shunting 
capacitance across tube V1 is reduced from the total 
shunting capacitance C. The problem now is to offset 
the high-frequency attenuation caused by C7. This can 
be done by offering an impedance to the output voltage 
of tube 77 at high frequencies that is considerably 
lower than that represented by the R,C1 combination, 

so that most of this signal output voltage will follow 
the path of low impedance and very little will be 
shunted to ground through CZ. 

‘The question that now arises is how this effect can 
be attained. Refer to Fig. 10-152D, which is a simpli- 
fied circuit of Fig. 10-152A ; at some frequency, call it 
fo. we notice that Lg and C2 will be series resonant. 
Therefore, at this frequency, the impedance offered by 
the circuit of L4C2 to the output of tube 1 will be a 
minimum, and most of the output signal voltage from 
tube 1 will follow the path of minimum impedance 
offered to the tube, namely LaC2, and very little will 











Compensated ideo amolifer cireuit is shown in (A) and « simplifca: 
and (C) are variations of (A), these being sometimes used to isolate the 


be shunted to ground by the higher impedance of C1. 
The signal current flowing from tube VJ will then flow 
through the voltage dividing network of Ly and C2, 
and the maximum amount of voltage (at high fre- 
quencies) will be impressed on the grid of tube 1/2 by 
the voltage drup across capacitor C2, It is, therefore, 
seen how capacitor C2 offsets the drop in gain at high 
frequencies by the characteristics of its resonant ef- 
fects, at these frequencies, with the series-peaking in- 
ductance Ls, In actual practice, the ratio of C2 to C1 
is set approximately equal to two, as stated before. The 
values of C1 can be measured fairly accurately, and so 
can the total capacitance C, (С, = C1 -- C2), and from 
knowing C7 and C,, C2 can be found. Circuit compo- 
nents may have to be shifted around in order to find 
the approximate ratio. 

In working with design formulas for the series- 
peaking inductance and also for the load resistance, 
the operation of the series-peaking circuit of Fig. 
10-152A may be better understood by discussing typi- 
cal response characteristics at the high end of a curve 
— such as those shown in Fig. 10-153. 

In this figure, the gain is only relative and its maxi- 
mum value is taken as unity at the frequencies at the 
midpoint of the pass-band. 

Curve 1 represents the actual curve of the amplifier 
without any compensation. It is readily seen how this 
curve falls off at the high frequencies, The horizontal 
dashed curve 3 is the 3-db curve where the gain drops 















Fig, 10-153, — T; 


response characteristic curves, 
wherein the voltage guinis relative it maximum value being 
taken as unity at the intermediate frequencies. 


to 70 per cent of its maximum value, (Keep in mind 
that this 3-db value is the point of minimum gain allow- 
able for most proper designs.) Assume that we want 
to have a flat frequency response characteristic to a 
correction frequency fe of 1 Me. Then, from curve 1, 
‘we note that, at this frequency, the gain is at point a 
and, therefore, undesirable. We want to bring up point 
a to somewhere in the shaded area. Ideally, we want to 
bring up point a in such a manner that curve 1 is 
raised at the high frequencies so ıt has a relative volt- 
age gain of unity. In other words, even though upon 
correction, point a may advance anywhere into the 
shaded area (the area of allowable gain) between 
points b and c, it is preferable to approach point c. By 
actual experimental determination, it has been found 
(when C2 = 2C1) that this correction is ideally ap- 
proached when the elements La and C2 are made to 
resonate at the correction frequency f, Under such 
conditions, curve 1 is shifted to curve 2, From this 
curve, it is evident that at the correction frequency fe, 
there is a peak rising slightly (which is due to series 
resonance between Ly and C2) above the level of unity 
gain; but, in general, the shape of the curve approaches 
the ideal case very closely. 

‘The formulas for the design of the series-peaking 
coil Ly and the plate-load resistance Ry depend pri- 
marily on the value of the frequency desired for cor- 
rection. Calling this frequency, as we have before, the 
correction frequency fe, we know now that L,C2 should 
be made to resonate at this frequency, wl we 
have 








(10-25) 


20V L2 


where the shunting capacitance C2 is known by meas- 
urement as discussed beforehand or by close approxi- 
‘mations, Squaring both sides of the equation above and 
solving for La, we get 


397 
(10-26) 


Knowing that C2 — 2C1 and substituting this in 
equation (10-26), we get 


2: 1 
Ls TRPE ` 


From the above equations, we can readily solve for 
the series-peaking inductance in terms of either shunt- 
ing capacitance C1 or C2. We can rearrange equation 
(10-27) in the following manner 


(10-27) 


(2rfe)La=% (10-28) 


E 1 

TCT 
which states that the inductive reactance of Lg at the 
frequency of correction is equal to % the capacitive re- 
actance of C] at the same frequency. 

If we rearrange equation (10-27) in another way by 
solving the equation for the value Vf, we find the 
following. 

Taking the square root of both sides of equation 
(10-27) we have 





D 10-29 
V ET sd 

and solving for /2j,, we get 
= (10-30) 


2ry LCi 


Referring to equation (10-30), it will be noticed 
that the right-hand side of the expression is itself rep- 
resentative of a resonant frequency. In other words, a 
frequency exists at which the series-peaking сой І. 
is in resonance with the lower-valued shunting capaci- 
tance Cl. The resonant frequency of LyC1 is then 
equal to /2 times the frequency of correction, That 
is to say, if we let f, equal the resonant frequency of Ly 
and C1, then. 











fv. (10-31) 
‘This means that there exists for Lp and CI a reso- 
nant frequency f, that is equal to /2 times the fre- 
quency of correction. 
Knowing that the total shunting capacitance Cy is 
equal to the sum of CI and C2 and that C1 = C2/2, 
then substituting for C1, 
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с, Grce=mce 


and, solving this equation for C2, we get 
сг=зс, 


and, substituting this equation in equation (10-26), we 
get 





VE > (10-32) 
Rearranging, we get 
Ie m nri 
or Xia 9 MXo m 15Xo (10-33) 


which states that the inductive reactance of the series- 
peaking coil at the frequency of correction is equal to 
M the reactance of the total shunting capacitance Cy at 
the frequency of correction. 

In determining the value for the inductances of the 
peaking coil we can utilize any one of equations 
(10-25) through (10-33), according to the parameters 
that are known. These equations make use of the fact 
that in order to solve for La, all that has to be known 
are any two of the following elements that fit into the 
particular formula used 

C, = total shunting capacitance in the circuit 
(C14 C2) 

C1 = shunting capacitances around the output of. 
the first tube 

C2 = shunting capacitances around the input of. 
the second tube 

fe = frequency of correction (or that frequency 
where Ly and C2 will be in series reso- 
nance) 

f, = that frequency which is \/2 times the fre- 
quency of correction (or that frequency 
where L, and C1 can be considered to be in 
resonance). 

Now that we have decided on numerous ways for 
determining La, we are ready for the proper determi- 
nation of the plate-loading resistor R in these series- 
peaking circuits. 

From previous topics, we have determined that the 
plate-load resistance R, should be equal to its shunting 
reactance for proper design purposes. In shunt peak- 
ing, this reactance was the total shunting reactance 
Xos in the circuit. 


Therefore, for design purposes, R, was set equal to 
X cs at the frequency of correction, which was the mini- 
mum acceptable 3-db frequency. One should under- 
stand that these assumptions are not just guesses but 
are based upon actual experimental data taken on such 
amplifier circuits. When the response curve of Fig. 
10-153 was plotted, it was found by experimentation 
that the plate-load resistor R, was approximately equal 
to one-half the reactance of the shunting capacitor C1 
at the frequency of correction. Accordingly, the basic 
design formula for the load resistor R, for series peak- 
ingis 

1 


Ram тус 


(10-34) 
‘Since iti easier to measure the total shunting capac- 

itances C, and C1 alone, we shall rearrange equation 

(10-34) in terms of C, instead of C1 by substituting. 


“c1=& (since C2 =2C1). 
Hence 
R xb WXaclSXa (1035) 


states that for proper series-peaking compensation, the. 
plate-load resistor Ry is made equal to one and one-half 
times the total shunting reactance Xo, at the frequency 
of correction (when C2 = 2C1). 

We also can combine the relation between the equa 
tions (10-28) and (10-34) in such a manner that Ly 
and Ry are in the same equations. Thus 


Xu=Ry (10-36) 
and substituting 2xfel-s for Xia we get 
Zelela = Ry (10-37) 
where 
=. (10-38) 
Solving equation (10-35) for 2xf, we get 
24,= zx (10-39) 


and substituting this equation in equation (10-38) we 
get 


Lizy OICR). 0040) 
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From the above equations, it is seen that we can 
solve for the plate-load resistance Ry by knowing the 
frequency of correction f, and any one of the quantities 
C1,C, or Le. 

Some fundamental properties of the series-peaking 
circuit are that it has 50 per cent more gain than a 
shunt-peaking circuit [compare equations (10-20) and 
(10-35)] where both éircuits have the same values of. 
f, and Cy, and that the phase shift response in series 
peaking is more linear than in shunt peaking. Thus it 
is seen that series peaking betters the gain and phase 
characteristics of the amplifier at the high-frequency 
end of the curve as compared to shunt peaking. 


‘Shunt-Series Peaking 


Although series peaking results in better response 
and more linear phase shift than shunt peaking, a com- 
bination of these types gives a better response than 
either one alone. Fig. 10-154 illustrates a typical cir- 
cuit combining the effect of series and shunt peaking 
with the shunting capacitances C1 and C2 shown. With. 
this type of compensation, there is a sharper cutoff at 
the correction frequency than in the series case alone. 
Much greater gain is obtained than when shunt or 
series peaking alone is used. It has been found that 
combination peaking gives as much as 80 per cent more 
gain than a shunt-peaking system alone. This means 
that the total effective load impedance is also 80 per 
cent greater than that for shunt peaking. 





Sa ein i ig cps an 
with the C1 and C2 
t peaking with the shunting capacitances 


‘The design equations, as for the previous cases, are 
semiempirical, and are also predicated on the ratio of 
C2 to C1 being equal to 2. The following equations 
‘have been found to produce the 80 per cent increase in 
gaint 

y, S. W. asd 


Kimball, C. N., “Analysis and design of 
‘video amplifiers,” : 


BCA Rew, vol. 3, pp. 290-308, January, 1939. 








Plate-load resistor 
Ry 18Xo. (1041) 
(1042) 
.S2C (R9)? (1043) 
The Compensated Amplifier 


So far, we have discussed the separate types of fre- 
quency compensation (high and low) which may be 
applied separately to any system desired, But in oscillo- 
scope amplifiers, as previously pointed out, the desire is 
to have as flat a response as possible from the lowest 
audio frequency encountered to the highest frequency 
needed. It is evident that to obtain these qualities in a 
single circuit, the low-frequency and high-frequency 
compensating networks have to be combined. Fi 
10-155 illustrates a number of different amplifiers in 
which both low- and high-frequency compensations 
are employed. An interesting feature of these circuits 
is the additional capacitors used. 

In all the circuits, it will be noted that the capacitors 
Съ, С, and C", are shunted across the capacitors Cy, 
C,, and C', that were originally used in the low-fre- 
quency compensated case (see Fig. 10-148). One of 
the fundamental actions of capacitors Cy, C,, and Cy 
is to bypass low-frequency components to ground and, 
therefore, to prevent these frequencies from getting 
into certain parts of the circuit where they are not de- 
sired, Feedback is prevented by such bypassing. The 
values of these capacitors Cy, Cy, and C', are hence 
made large so that their reactance to low frequencies 
will be small. That is fine for low frequencies, but when 
the low-frequency compensated network is combined 
with the high-frequency compensated network, a sepa- 
rate path to bypass the high frequencies must be pro- 
vided to prevent feedback. Two separate bypassing 
paths are thus needed, one for low frequencies and the 
other for high. We already have the low-frequency by- 
pass capacitors in the circuit, and since bypassing of 
the high frequencies is necessary, then all that has to 
be done is to shunt capacitors Cu, Cy, and Cy with the 
other capacitors C's, C'a, and C's, respectively. Since 
these latter three capacitors are needed to bypass the 
high frequencies, they are much smaller than the for- 
mer ones. Some typical values employed in practice are 
as follows: 
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16 nf Co = 30 pf 
C,-0001M C=O af 





Cy = 100 uf 
C201 Mf 





In visualizing these capacitors, one must remember 
that their size depends not only on the capacitance 
value but also on the voltage rating. For example, the 
100-pf cathode bypass capacitor need only have a small 
value of breakdown voltage depending on the voltage 
drop across the cathode resistor Ra. 

Assuming the bias on the tube to be —10 volts, then 
the drop across the bias resistor Rs is 10 volts, and for 
a factor of safety, the cathode bypass capacitor Cy (and 
likewise C) usually has a voltage rating of 25 or 50 
volts. Such a capacitor of 100 pf has to be of the electro- 
lytic type and is not very large. 

It is very interesting to note the similarity between 
very wide-band oscilloscope amplifiers and the video 
amplifiers utilized in television receivers. The differ- 
ence between an oscilloscope amplifier with a top fre- 
quency of, say, 6 go 10 Mc and a video amplifier of the 
same range is insignificant. The requirements of both 
systems are almost the same; both must have linear 
phase shift characteristics and both require frequency 
‘compensations so аз to afford the necessary response 
at the low and high ends of the band. If there is a 
difference, it may be found in the need for response at 
a lower frequency in the oscilloscope amplifier than in 
the video amplifier, but the means of accomplishing 
these conditions is virtually the same. The constants 








а «s 





Fig. 10-185.—Three different video amplifier circuits in 
which both Jow- and high-frequency compensation are em- 


Te wil be noted that two separate bypassing paths are 
Proided~on for he low frequencies nd evo fr te 


igh frequencies. 


of the elements may not be the same, but the theory is. 
These comments are made to indicate that texts which 
describe the process of frequency compensation in 
video amplifiers have their application to the same end 
in oscilloscope amplifiers. 

As an example of this close relationshi 
illustrates a system of high- and low-frequency com- 
pensation which is the equivalent of the circuits em- 
ployed in video amplifiers, differing only in the specific 
constants. The low-frequency compensation is accom- 
plished by resistor R and capacitor C in the plate cir- 
cuit. This corresponds to R’, and C', in the previous 
discussion of low-frequency compensation. The plate- 
load resistor R1 corresponds to Rs, the coupling capac- 
itor C1 corresponds to Cy, and the grid-load resistor 
R, is the equivalent of R2 in parallel with R3. If the 
compensating circuit were not used, the gain at the low 
frequencies would fall off due to the effect of the 
CI-R2-R3 network. The reactance of capacitor C1 goes 
up as the frequency goes down, causing less of the out- 
put voltage of the first stage to appear across the grid 
load of the second stage. To correct this, R and C are 
chosen so that the impedance of this combination in- 
creases with decreasing frequencies in the proper ratio 
to compensate for the falling off due to the coupling 
circuit feeding the next stage. This compensation oc- 
curs because a higher load impedance in the plate cir- 
Cuit results in a greater output. The values of resistance 
and capacitance are also chosen to make the phase shift 
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Fig. 10-156—T, ide-band oscilloscope amplifer em- 
ing high- and quency compensation; it» similari 
{0 lic ampli is evden ў 


linear with respect to frequency. The value of R is lim- 
ited by the drop in voltage across this resistor, which 
decreases the plate voltage. 

The high-frequency compensating combination em- 
ploys both series and shunt peaking. This is done so 
that the response at the high frequencies will be better 


than it would be if only shunt or series peaking were, 


used, The shunt-peaking system used in Fig. 10-156 
is similar to that shown in Fig. 10-150A. The peaking 
coil L1 is equivalent to Ly in the previous discussion. 
This coil resonates with the shunt capacitance, which 
includes all the stray capacitance associated with the 
wiring of that circuit, It is difficult to estimate the 
specific value of this capacitance, as it varies quite a 
bit, although reference information relative to the tube 
is available, and the total is determined by experiment. 
(It is in this connection that lead dress is an important 
constructional detail.) In the actual design of a circuit 
such as this, experimental verification complements 
the measurements. 

The series-peaking coil L2 is the equivalent of the 
peaking coil Ly in the previous discussion of series 


peaking. The coil resonates with the shunt capacitances 
to produce a peak at the high end of the frequency 
range; this peak, together with the peak caused by the 
shunt-peaking coil, is sufficient to flatten the response 
up to the highest frequency for which the constants 
were selected. The resistor R4 connected in parallel 
with L2 serves to reduce the Q of that coil, or to damp 
the resonant circuit so as to cause the desired decay of 
the signal, This prevents possible oscillation or ringing 
in the system. The use of such a damping resistor is not. 
a must — it is dependent upon the conditions in the 
circuit, or upon the height of the resonant peak, If it 
is too high and can cause ringing, the resistor is used. 
Examples of both are to be found in oscilloscope am- 
plifiers. 

Tt may appear from all that has been said about fre- 
quency compensation that all of it is accomplished in a 
single stage. Such is not the case ; every stage in a com- 
pensated system makes use of some compensation, 
although the resonant peaks in each stage may not 
necessarily be the same. The compensation is deter- 
mined by the bandwidth required and by the perform- 
ance of the different stages relative to the degree of 
attenuation in each stage. In some instances, the de- 
sign may be such that the resonant frequencies are 
staggered in the different stages, so that each makes a 
contribution at one frequency in the amount necessary 
to offset the loss in another. This tends to develop a 
reasonably flat response over a wide band. 

If there is a critical point in the system, it is found 
in the output stage which feeds the cathode-ray tube, 
especially if the tube is of substantial screen size so that. 
fairly long interconnecting leads are required. Such 
connections mean increased values of distributed ca- 
pacitance, and while the preceding stages may afford 
the desired response curve, the increased limitation due 
to the higher capacitance in the output system demands 
the utmost in correction, 


CHAPTER 11 
SYNCHRONIZATION 


In Chapter 9 we explained how the frequency of the 
sweep circuit had to be adjusted to that of the incoming. 
signal or some multiple thereof in order to reproduce 
one or more cycles of the input signal. Nothing, how- 
ever, was said about keeping the pattern stationary 
upon the screen of the cathode-ray tube. If after ad- 
justment of the coarse and fine sweep-frequency con- 
trols, the sweep frequency remained constant, then the 
pattern would remain stationary. However, such is 
usually not the case. Let us analyze why this is so. 


Nature of Pattern without Synchronisation. 

The sawtooth waveform produced by relaxation os- 
cillators is very rich in harmonics of the fundamental 
oscillator frequency ; because of this, the oscillator i 
not very stable: Therefore, the ability of a pattern to 
remain stationary is primarily dependent upon the 
stability of the sweep oscillator. 

Assume that a sinusoidal pattern has been “stopped” 
on the screen by simple manual operation of the sweep- 
frequency controls, and after a period of time the fre- 
quency of the sweep begins to drift. What happens to 
the picture? When the pattern is stopped, it means that 
the beginning of the sawtooth trace will constantly re- 
peat itself at the same point on the input signal. In 
Other words, the phase relationship between the saw- 
tooth sweep and the input signal is held constant. 
When the sweep frequency begins to drift, the phase 
relationship changes, and if the sawtooth sweep has a 
slow continuous drift there is a varying phase shift 
between the two signals. Due to this frequency drift, 
and hence phase shift, the start of the sweep trace will 
not occur at the fame time for each cycle or group of 
cycles of input signal, but rather at different successive 
points along the cycle. The result of this action is that 
the pattern will appear to be moving across the screen. 
from right to left, or left to right, as the case may be. 

The rate of travel across the screen is dependent 
upon how great the phase shift becomes from its orig- 


i, J 
tion and harmonic content, and the problem of constant-fre- 
‘quency oscillators,” Proc. R-E., vol Zl, pp. 958-981, July 1933. 


inal position. When this phase shift is slight, the pat- 
tern moves slowly across the screen, and when the 
phase shift is great the pattern moves very rapidly. In 
order to illustrate what the patterns would appear like, 
a number of oscillograms were photographed under 
different conditions of phase shift, with the input si 
mal being a sine wave. These photos appear in Fig. 
11-L. All pictures were exposed the same amount of 
time, approximately one second, so that the "thickness" 
of the resultant wave on the photograph indicates the 
relative amount of phase shift. 

The oscillograms at (A) and (B) indicate instances 
where the fine sweep-frequency control of the oscillo- 
scope was varied a small amount from the position 
where it just about held the pattern stationary, The 
phase shift for that at (B) is slightly greater than that 
at (A). The patterns at (C) and (D) indicate i 
stances where the phase shift is great and the waves 
are traveling across the screen very rapidly. This rate 
of travel compared to the shutter speed of the camera 
is so fast that the reproduced pictures at (C) and (D) 
appear as solid patterns, often referred to as "smear" 
patterns. 

From the above analysis we see that, in order to keep 
the pattern on the screen stationary, the sweep oscil- 
lator must be stable. In the sweep circuits of oscillo- 
scopes and television receivers, the stability of these 
circuits is brought about by a process called synchromi- 
zation. Generally speaking, synchronization means the 
injection of a special signal or control voltage into the 
oscillator circuit to stabilize its frequency of operation. 
When the frequency is synchronized, it is said that the 
oscillator “locks-in” with the control signal. When 
used with oscilloscopes, synchronization brings about 
the constant timing of the input signal with that of the 
sweep signal so that their cycles of operation coincide. 
with each other. 

‘The application of the synchronizing signal, usually 
just referred to as sync signal, varies somewhat with 
the type of sweep circuit employed. Although synchro- 
nization is employed in many different types of pulse- 
forming circuits, in this chapter we will only consider 
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‘wave causing unsynchronized patterns. The 
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synchronization of sawtooth oscillators of the gaseous 
relaxation type, multivibrators, and blocking oscil- 
ators, With sawtooth oscillators, the sync signal is 
applied to the circuit in such a manner that it will 
initiate the trace or retrabe of the sawtooth wave. In 
most cases, as in the circuits included in Chapter 9, 
the sync signal initiates the retrace. In other words, it 





starts the current flowing in the discharge tube and 
hence starts the discharge of the capacitor. 


SYNCHRONIZATION OF THYRATRON 
SAWTOOTH OSCILLATOR 


Synchronization in oscilloscopes is brought about by 
taking some of the signal to be observed and feeding it 
to the sweep circuit of the unit. This signal then be- 
comes the sync signal and is usually fed to a grid cir- 
cuit of the sweep oscillator. In order to completely 
understand the fundamental operation of synchroniza- 
tion, we will theoretically analyze this phenomenon for 
the simple circuit of a thyratron sawtooth oscillator 
and then prove the theory by experimentation. The 
sweep oscillator will only synchronize or “lock-in” with 
the incoming signal when the frequency of this signal 
is equal to, or is a multiple of, the synchronized saw- 
tooth sweep frequency. 











Relationship between Grid Voltage and 
Ionization Potential 


In Chapter 9 we proved by way of experimentation 
how the grid bias on the thyratron controlled the ioni- 
zation potential of the tube (see Table I in Chapter 9). 
If the grid bias was made more negative, the ionization 
potential was increased, and when made less negative 
the ionization potential decreased. The variation of 
ionization potential with grid bias is a constant one. In 
other words, the grid-voltage versus plate-voltage 
characteristic of the thyratron is a linear one. Thus if a 
grid-bias change from —8 volts to —12 volts produces 
a change in ionization potential from 70 to 110 volts, an 
increase of 40 volts, then an additional increase in the 
grid bias from —12 volts to —16 volts should produce 
a new ionization potential of 110 volts plus 40 volts, or 
150 volts. In a case such as this, we see that every 
4-volt change in grid bias is accompanied by a 40-volt 
change in ionization potential, which means that the 
grid controls the ionization potential at a ratio of one 
toten. 

We can express this voltage relationship for any 
thyratron mathematically. If E, represents the ioniza- 
tion potential of the tube and E,, the negative grid bias, 
wehave 





Е, 
Е, 
where k is the ratio of increase in ionization potential 
to change in grid bias and is always greater than unity, 
Since k, often called the grid-control ratio, is constant, 
it represents the slope of the linear E,-E, characteristic 
of the tube in question. 


k (14) 


404 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


The value of k for any one tube tells us how much 
the amplitude of the sawtooth voltage will change with 
a variation in grid bias. Since a change in ionization 
potential also produces a change in the frequency of 
the sawtooth output signal, it must be remembered that 
any variation in grid bias will, therefore, change the 
frequency of the sawtooth (see Table I in Chapter 9). 











TIME e 





p. change in grid bias and hence ionization po- 
tential causes a change in the frequency and amplitude of the 
sawtooth output of a thyratron. 





The drawing of Fig. 11-2 illustrates the effect that 
three different values of grid bias have upon the ioniza- 
tion potential of the tube, and also upon the amplitude 
and frequency of the sawtooth output signal. Assume 
that the initial operating bias of the tube is such that 
the ionization potential is represented by voltage Eu 
and results in sawtooth curve 1. А negative bias de- 
crease is indicated by the decreased ionization poten- 
tial Ew which results in sawtooth waveform 2, An in- 
crease in the negative bias increases the ionization po- 
tential as indicated by voltage Ei. Curve 3 results from 
this increase in ionization potential. Examination of 
curve 2 indicates a reduction ih amplitude and an in- 
crease in frequency over curve 1, and curve 3 indicates 
an increase in amplitude and a reduction in frequency 
over curve 1. A chanige in bias does not change the de- 
ionization potential of the tube. This is indicated in 
the drawing of Fig. 11-2, where E, represents the de- 
ionization potential of the tube. 

‘Now that we have seen how the bias voltage on the 
thyratron affects the ionization potential of the tube 
and hence the frequency and amplitude of the sawtooth, 
let us put this knowledge to use in analyzing the proc- 
ess of synchronization as applied to this tube. A typical 
ireuit of a thyratron sawtooth oscillator showing the 
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Fig, 11-3—Applicaton of a syne signal to a typical thyra- 
tron iret is wn at (A): The citi al 
choice of syne signal of any polarity. 


application of a sync signal to its grid appears in Fig. 
11-3A. This circuit is the same as that shown in Chap- 
ter 9 except that capacitor C1 and resistor RJ are em- 
ployed to couple the sync signal to the grid of the tube, 
Resistor KI is made variable so that the strength of the 
sync-signal input can be controlled. 

Certain types of sweep circuits require a specific 
polarity of syne signal for proper operation. The circuit 
of Fig. 11-3A does not allow for such polarity changes, 
To provide for a single control that will enable choice 
of syne signals of either polarity, many oscilloscopes 
ize a circuit similar to that of Fig. 11-3B. The syne 
signal is applied to the grid of the tube which is con- 
nected in the form of a phase-splitter circuit. Between 
plate and cathode is a potentiometer which has a 
grounded center tap; that is, R1 = R2. The variable 
arm of the potentiometer is capacitor-coupled to the 
grid of the time-base oscillator. (In some cases it may 
first be coupled to a sync amplifier and then to the 
time-base oscillator.) 

By having the potentiometer center-tapped to 
ground, equal sync signal voltages appear across RI 
and R2. Regardless of the polarity of the input signal, 
the sync signal voltages across RI and R2 will be of 
‘opposite polarity, That across RI will be 180* out of 
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phase with the input sync signal and that across RZ 
will be in phase with the input sync signal. By the 
potentiometer arm being capable of variation across 
either R1 or R2, sync signals of varying amplitude and 
either positive or negative polarity are, therefore, 
available from one control. C1 and C2 also function as 
4-с blocking capacitors as well as a-c coupling units. 

Since part of the input signal being observed is util- 
ized as the syne voltage, it should, therefore, be remem- 
bered that the sync signal can have any shape or form 
and still perform its required service. However, for the 
sake of illustration in the following discussion and 
drawings, we will employ a sine wave as the signal to 
be reproduced and hence as the sync signal applied to 
the time-base oscillator. 





Sine-Wave Synchronization 


Let us assume that a sine-wave signal is to be ob- 
served and that some of this voltage is being used as 
the syne signal for the sweep circuit. This means that 
the bias on the thyratron tube will be varying in ac- 
cordance with the applied syne signal. If the fixed bias 
on the thyratron is —5 volts and if the syne signal has 
a peak-to-peak voltage of 2 volts, then the bias will be 
varying between —4 and —6 volts. Since the ionization 
potential is determined by the bias on the tube, it, too, 
will be varying sinusoidally. However, the sinusoidal 
variation of the ionization potential, or plate voltage, 
is 180° out of phase with that on the grid, because as 
the grid goes more negative, the ionization potential is 
increased, (i.e., goes more positive), and as the grid 
bias becomes less negative (ie. it increases in the posi- 
tive direction), the ionization potential decreases. 

Refer to Fig. 11-4, The straight line curve in this 
drawing is a typical E,-E, characteristic of a thyratron 
tube The sine wave at the lower part of the drawing 
indicates the sync signal input which is seen to be 
superimposed over the fixed grid bias of the tube. The 
ionization potential of the tube is represented by the 
sine wave at the right side of the drawing. Note that 
this curve is 180° out of phase with the input signal. 

tthe fixed negative bias on the grid of the thyratron 
is represented by —E, and the applied syne signal rep- 
resented by E sin ef, then the varying bias voltage e, 
can be represented as 

ey = -E, E sinet 12) 


where E is the peak voltage of the sync signal. Since 
the ionization potential is 180* out of phase with the 


In this chapter the voltage E, of the thyraton is 
аана 
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Fig. 11-4—A typical E, 
tube, indicating how the 
‘sinusoidal change in grid bias. 


j, characteristic of a thyratron 
боп potential changes with a 





signal at the grid, then the varying ionization potential 
of the tube e, can be written as 

a=k (E, E sin ot). (11-3) 
By substituting equation 11-1 for E, in equation 11-3, 
this latter equation becomes. 

e= E, kE sinet. (114) 

where E, is the fixed ionization potential of the tube 
which is determined solely by the fixed bias on the tube 
(ie, before application of the sync signal). 

In the following analysis of synchronization, the 
sawtooth sweep signal will be assumed to have a con- 
stant rate of charge (i.e., linear rise time) and negli- 
gible flyback time. This assumption is necessary in 
order to make the discussion easier to understand. The 
frequency of the sawtooth sweep without synchroniza- 
tion will be referred to as the natural or free-running 
frequency of oscillation and with synchronization it 
will be referred to as the synchronized sawtooth fre- 
quency, The following is a list of notations that will be 
used throughout this chapter : 
fa = frequency of the applied sync signal 

= synchronized frequency of relaxation 

fora or free-running f of relaxa 
a = natural or free-running frequen в 
f 2 LS аар ао 
fixed ionization, itial (without 
шарне ыыт 
E, potential 
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E,7 (E, — E4), the amplitude of the sawtooth 
wave before the application of the sync 


signal 

E' = RE, the peak amplitude of the sinusoidal ioni- 
Zation potential (after application of the 
syne signal) 

т = ЕЎ ratio of the peak amplitude of s 
soidal ionization potential to the amplitude 
of the sawtooth signal before application 
of sync signal, 


In the proper operation of the oscilloscope before 
the application of a sync signal, the sweep-frequency 
control is adjusted until the pattern on the screen is as 
stationary as possible. (If the pattern on the screen 
becomes stationary, then at that moment the natural 
frequency of relaxation oscillations is equal to some 
integral submultiple of the sync signal, that is, f,=fa/n. 
The integral relationship depends on the number of 
cycles present upon the screen of the tube.) After this. 
is done, the sync signal is then applied to the circuit to 
insure a locked-in effect between the input signal and 
the sawtooth sweep. Therefore, the frequency of the 
syne signal will differ by a small amount from some 
integral multiple of the normal frequency of relaxation 
oscillations, whether this integral be one, ten, etc. 
‘The drawing of Fig. 11-5 basically illustrates this 
process of synchronization. Part (A) indicates the 
graph of bias voltage of the tube. The application of a 
sync signal is shown by the sine curve superimposed. 








Fig. 11-S.— Graphical representa- 
tion ofthe process of synchronization 
Wiere the Вулета inpet и їл 


over the fixed negative bias —E,. The sine wave in part 
(B) indicates the 180° out-of-phase alternating ioni- 
zation potential of the thyratron tube which is seen to 
be superimposed over E, The E, line is, therefore, said 
to represent the baseline of the alternating ionization 
potential. If E represents the peak voltage of applied 
sync signal, then kE is the peak voltage of the alter- 
nating ionization potential, where + is the grid-control 
ratio. For the sake of simplicity, we are making 
kE = E', as indicated in the drawing. The maxi- 
mum ionization potential will, therefore, be equal to 
(E; + E') and the minimum ionization potential equal 
to E — E'). The deionizing potential of the tube is 
constant and is represented by Es; (E, — Eu), the 
amplitude of the sawtooth without synchronization, is 
indicated by Eg. 

ea da hone es or (ву 
represents the free-running frequency 
Wilant sey fee dem ay ts abt conway 
fires at E, In this drawing, the frequency of the sync. 
signal is seen to be slightly greater than that of the 
free-running sawtooth sweep. With the application of 
a sync signal, the ionizing potential of the tube changes. 
‘The discharge of the sawtooth which would normally 
occur at point M along the constant E, potential now 
occurs at point N, because the ionization potential is 
decreased at this latter point. After the discharge, the 
capacitor charges up again-at the same rate aa it did 
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previously until the tube fires at point O, at which 
time the capacitor once again discharges. 

If the sawtooth sweep continued to oscillate at its 
free-running frequency, the tube would fire succes- 
sively at points M, P, R, T, and V along the fixed 
ionization potential of E, s shown in the drawing. The 
sawtooth sweep shown dashed is a continuation of the 
free-running sweep frequency as it would appear with- 
out any sync signal applied. The sync signal, however, 
after point N, causes the tube to fire successively at 
points O, Q, S, and U, which are all reduced ioniza- 
tion potentials. At the very beginning of these new 
firing points, the reduced breakdown potential will be 
slightly lower than that preceding it, but after a num- 
ber of cycles of applied sync signal, the tube will sub- 





11-6—The frequency of the is lightly 
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sequently fire at the same reduced potential. This is 
indicated by the sawtooth waves at the right side of 
the drawing. When this occurs, the sawtooth signal is 
said to be locked-in with the applied sync signal and 
synchronization is complete. For the case under dis- 
cussion, when synchronization occurs, the frequency 
and hence the period of the sync signal and that of the 
synchronized sawtooth sweep are equal to each other, 
that is, f, = f, This can easily be checked from the 
drawing of Fig. 11-5. 

In order to indicate how synchronization can occur 
for the case where the frequency of the syne signal is 
slightly greater than twice the natural frequency of 
relaxation oscillations, refer to Fig. 11-6. The periods 
of the free-running sawtooth and also of the synchro- 
nized sawtooth are the same as those of Fig. 11-5. A 
‘Measurement of the synchronized sawtooth period of 


Fig. 11-6 will readily indicate that 
twice that of the syne signal period, indicating that the 
frequency of the synchronized sawtooth signal is ex- 
actly equal to one-half that of the sync signal and that 
synchronization is complete; in other words, f, = 2f, 
огп=2. 





Unstable Synchronization 


Any small change in the operating frequency of a 
synchronized relaxation oscillator will cause the oscil- 
lator to be momentarily pulled out of synchronization. 
"When this occurs, we can say that the situation is 
analogous to the beginning of Fig. 11-5 where the fre- 
quency of the sync signal and of the free-running saw- 
tooth wave are not equal to each other. However, due 
to the presence of the sync signal, the frequency of the 
relaxation oscillator will be rapidly locked-in synchro- 
nization once again. In other words, the presence of 
the syne signal, once synchronization is obtained, 
sures the locking-in effect between the relaxation oscil 
lator and the signal to be observed. This stability of 
synchronization will occur only when the tube fires 
along a megatme slope of the alternating ionization 
potential curve. 








Fig. 11-7.—Unstable 
эю Ме бшер б 
varying ionization 


Let us examine the drawing of Fig. 11-7. Those 
parts of the curve from (E, + E’) to (E, — E') repre- 
sent the negative slopes of the ionizing potential, They 
are characterized by the voltage going in the negative 
direction (i.e., less positive). Consequently, those parts 
ofthe curve from (E, — E’) to (E, + E") represent the 
positive slope. Assume that sawtooth curve A is al- 
ready synchronized and that it constantly fires at the 

3MscLean, W. R, "The synchronization of oscill 


зр оао? Corimencotont, v. 28, pp. 23-30, 
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same point along the negative slope of the ionizing 
curve, Assume further that the frequency of the relaxa- 
tion oscillator drifts slightly, such that the new saw- 
tooth wave is represented by dashed curve B. This 
frequency drift is indicated by the time change of Af. 
Notice that this small frequency drift, in turn, causes 
only a small change in ionization potential which is 
indicated by AE». Due to this small change in ionizing 
potenti ‘a simple matter for the syne signal, after 
a short period of ime, to bring the oscillator back into 
synchronization. 

Now let us look at a situation where the synchro- 
nized sawtooth fires along the positive slope of the 
ionizing potential. Curve C of Fig. 11-7 represents 
such a situation. For comparison purposes, the slope 
of curve C is made the same as curve А. Curve Cis in 
synchronization, but is considered as being at an wn- 
stable point of synchronization, Let us again assume 
that the relaxation oscillator drifts in frequency so that 
the new sawtooth wave is indicated by dashed curve D, 
where the frequency drift is the same as that existing 
between curves A and B. Therefore, Ats, which repre- 
sents the period change between curves C and D, is 
equal to Afs. 

Notice the difference in firing potential between 
curves C and D. This difference, indicated by AE,, is 
much greater than AE,. The amplitude of sawtooth 
wave D is so much greater than that of curve C that. 
once the relaxation oscillator drifts in frequency by the 
small amount indicated, it will be very difficult for the 
sawtooth to return to its original condition of equi- 
librium, The sawtooth wave has a tendency to seek a 
negative slope on the ionization potential curve as a 
point of stable equilibrium. 


‘Limits of Synchronization‘ 


Previously, we stated that the frequency of the syne 
signal usually differs by a small amount from the nat- 
ural sawtooth frequency or some integral multiple of 
it. There are limits, however, as to how great this fre- 
quency difference can be and still produce effective 
synchronization. These limits must lie along the nega- 
tive slope of the ionizing potential curve because of 
stability of synchronization. In other words, the syn- 
chronized sawtooth wave may have its striking poten- 
tial lie anywhere along the decreasing slope from 
(Е, + E') to (E, — E'). Written in another manner, 
‘we can state that the ionizing potential, at which firing 
“Builder, Roberts aiaa 
Marsi cimos AW A. Taek Aee, (Aona), 


EIEN 1939; the material in this and some of 
the following sections is primarily based on this paper. 

















occurs in every relaxation cycle, can be defined by апу 
value of voltage equal to (E, + E' sin @) where @ may 
have any value from 90° to 270°. 

From the above, we see that we have certain limiting 
conditions under which synchronization will be effec- 
tive. In Fig. 11-8, we have indicated three individual 
synchronized sawtooth waves. In each case, the fre- 
quency of the synchronized sawtooth is equal to twice 
that of the syne signal; but you will notice that the 
firing point for each sawtooth occurs at different points 





IONIZATION 
POTENTIAL 


‘TANGENT 


seve’ 





TIME e 


Fig. 11-8—Limiting conditions of stable synchronization 
where curves A and C represent the upper and lower limit of 
ihe natural frequency of relaxation oscillations. 


along the ionization potential curve. Curves A and C 
indicate the possible upper and lower limits of firing 
voltage for stable synchronization. Any sawtooth wave 
initially falling in between these limits will also be 
synchronized. Curve B represents the intermediary 
sawtooth wave. 

Although the frequencies of synchronized sawtooth 
waves A, B, and C are all the same, the free-running 
frequency of each is different. Consequently, from the 
above analysis, we see that synchronized sawtooth 
curves A and C represent the frequency limits of nat- 
ural relaxation oscillations that will still permit syn- 
chronization. Curve B in this drawing is shown to 
‘intersect the ionizing potential at E; and this inter- 
mediary curve represents the case where the free- 
running frequency of relaxation oscillations f, is equal 
to fe, the synchronized sawtooth frequency. Therefore, 
for curve B, fa = fe 

If fa > fa then the synchronized sawtooth will cause 
the breakdown of the thyratron anywhere between 
curves B and C, where curve C indicates the lower fre- 
quency limit of f,. In like manner, if f, « f, then the 
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firing point can lie anywhere between curves 4 and B, 
where curve A indicates the maximum possible upper 
limit of jy. The limiting frequency difference between 
fe and fis, however, very small, 
tis the amplitude of the sawtooth signal which is of 
more interest to us rather than the ionization potential 
E, in the discussion of the frequencies of relaxation 
oscillations. This is so because the slope of the saw- 
tooth trace helps define its frequency of operation. In 
this discussion, the amplitude of the sawtooth wave 
before synchronization is represented by E, ; therefore, 
from Fig. 11-5 we sce that E, = (E, — Ea). From this 
drawing, we see that the amplitude of the synchronis 
sawtooth ¢, can be represented by 
e = E, +E sin ut. (11-5) 
The polarity of the sign in front of E" sin et depends 
upon the polarity of the applied sync signal. If the sync 
ignal is a negative sine wave, then the sign will be 
positive as in equation (11-5). If the sync signal is an 
ordinary sine wave where the positive peak amplitude 
is at the 90° point of the cycle, then the sign will be 
negative [see equation (11-4) }. 
Consequently, it can be shown from the basic anal- 
ysis relative to Fig. 11-8, that the minimum frequency 
of the free-running sawtooth wave is 


E= 














(11-6) 


In like manner, the maximum possible natural saw- 
tooth frequency can be represented as 
E+E 
ba ست‎ =) 


(+ 


=f. (1+m). (11-7) 
Equations (11-6) and (11-7) can be written in terms 
of the sync signal frequency f, and also in terms of m, 
which is the frequency ratio of the sync signal to syn- 
chronized sawtooth signal. Thus 


Ín cota ok (=m) (11-8) 
fme (1+). ШЕЛ 


With f, (ass) represented by curve A of Fig. 11-8 and 
fa мы) by curve C, then the frequency differences of 
fe (mas) — fo) and (fe — fa cmm) are the same. This 
maximum value of natural relaxation oscillations is, 
however, only possible if the ratio of E/E, or m is 


small enough to allow the trace or charging part of the 
sawtooth to reach the maximum ionization potential of 
(Е, + E’) without having reached the ionization po- 
tential at an earlier instant. Since the ionization poten- 
tial of Es is fixed by the fixed d-c bias on the thyratron 
tube, then in order to keep the ratio m very small, the 
amplitude of the syne signal must be kept low. 

Curve A of Fig. 11-8 best illustrates the situation. 
From this curve, it is obvious that any small increase 
in the amplitude of the ionization potential curve 
(which is brought about by an increase in the syne 
signal amplitude) and hence m, will cause curve A to 
strike in the vicinity of the negative peak of the pre- 
vious half-cycle of ionization potential. In other words, 
the thyratron circuit capacitor representing curve A 
would discharge around the minimum ionization po- 
tential (E, — E^) of the previous half-cycle, 

From Fig. 11-8 we also sce that sawtooth wave A 
is tangent to the ionization potential curve along the 
positive slopes of the sine wave. This tangent point 
determines what the maximum permissible free-run- 
ning relaxation oscillations can be, If something hap: 
pens to the relaxation oscillator so that the positive 
slope of curve A is decreased slightly, then curve A, 
still being tangent to the sine wave, will no longer 
strike at point (E, + E'), but at some smaller value. 
Thus the maximum permissible free-running relaxa- 
tion frequency will be less than before, and curve A 
will appear to pivot ever so slightly in the clockwise 
direction, with the pivot point being at the tangent be- 
tween the two curves, 

It can be shown by geometrical means that n cannot 
be greater than approximately 1/(4.3n — 1) in order 
to attain the maximum possible ionization potential of 
(E, + E’). From this relation, it is evident that if n is 
a large number, that is, when the ratio of f,/f, is high, 
the value of m must be quite small to obtain the maxi- 
mum ionization potential. (Since E, is fixed, the syne 
signal amplitude must be small to make the value of m 
small.) For the particular case of Fig. 11-8, where n is 
equal to 2, we find that the m or E/E, cannot be 
greater than approximately 1/7.6. This means that if 
this ratio is attained, curve A will be tangent to the 
positive slope of the sine wave and it will strike the 
sine waveat (E, + E’). 

For values of sync signal amplitude that make 
greater than the previous value, the maximum per- 
missible striking voltage, as pointed out previously, 
will be less than (E, + F’). In Figs. 11-9A and B are 
illustrated two graphical constructions showing how 
this is possible. In both drawings, each sawtooth wave 
is already synchronized and » = 2. In Fig. 11-9A, a 
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Fig. 11-9.—The strength of the sync si input helps 
determine the, кичтер Тш М мше и 
кинон The mit of graph (A) ie ghe tus dat 


strong sync signal has caused the ionization potential 
to change so that the maximum permissible ionization 
potential where curve A strikes is no longer equal to 
(Е, + Е), but lies in between the potential of 
(E, + Е') and E,. Curve В in this drawing illustrates 
the intermediary case where the striking occurs at the 
ionization potential of E, and curve C represents the 
minimum possible ionization potential. From a quick 
examination of curves A, B, and C of Fig. 11-9A, we 
come to the conclusion that the difference between 
Ía cman and fa (represented by curves A and B, respec- 
tively) is smaller than (f, — fe (euo) (represented by 
curves B and C, respectively). 

Fig. 11-9B shows a particular case where the ampli- 
tude of the sine-wave sync signal is somewhat greater, 
зо that the maximum permissible ionization potential 
is equal to Ey. In this case, curves A and B are said to 





coincide, and the maximum possible natural relaxation- 
oscillator frequency for synchronization is equal to the 
required sawtooth frequency ; in other words fy (max) = 
fe 

For still stronger values of sync signal, that is, with 
E increasing, the maximum permissible striking volt- 
age will be less than E, and approaches (E, — E") as 
E tends to become equal to the ionization potential Eu 
In cases where the maximum permissible ionization po- 
tential lies in between E, and (E, ~ E’), synchroniza- 
tion where f, is twice f, will occur only if the natural 
frequency of relaxation oscillations f, is slightly less 
than f», or half the frequency of fe, the sync signal. 

You will notice that both curves 4 in Fig. 11-9 are 
tangent at positive slopes of the sine wave, If a meas- 
urement of the ratio of E'/E, in both drawings is made, 
ill be found to be greater than 1/(4.3n— 1), where 
= 2, indicating that the maximum permissible ioni- 
zation potential cannot occur at (E, + E"). 











Maximum Free-Running Frequency 


From the previous section, we have seen how the 
strength of the sync signal is the chief factor in deter- 
mining the maximum permissible striking potential 
and hence the maximum free-running relaxation fre- 
quency under a specific set of conditions, We can 
graphically illustrate this frequency for any given set 
of conditions. Let us examine Fig. 11-10. In this draw- 
ing, we have plotted an alternating ionization potential 
superimposed over the fixed potential of E,. According 
to the drawing, the sinusoidal curve is represented as 
(E¢+ E’ sin wt) and it is plotted against specific values. 
of time indicated by degrees. As pointed out previously, 
stable synchronization can occur anywhere on the ioni- 
zation potential curve between 90° and 270°. 

In Fig. 11-10, we have drawn a sawtooth wave in 
such a way that it strikes the negative slope of the ioni- ` 
zation curve at point A and will also be tangent to the 


EE sin wt 
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positive slope of the previous balf-cycle at point B. We 
can, therefore, state that the slope of this line 4B de- 
fines a frequency. We know that this frequency for 
synchronization must be equal to f,/ and also that it 
determines the maximum value of striking voltage at 
whatever the E'/E, ratio. For the particular case rela- 
tive to line AB in Fig. 11-10, let e£ — 6j; the maximum 
striking voltage then is (E, + E" sin 6,) and the 
maximum sawtooth amplitude is represented by 
(E, + E' sin 6,). From equation (11-7), the maximum 
natural relaxation-oscillator frequency becomes. 


hums ETEA yh, (11-10) 


If we omit the subscript from 8, we will have a general 
formula for fs (max). Thus 


¢ méme x be. (141) 





fa men = 


Equation (11-11) can be rearranged to the more use- 
ful form, 





e = (1 + sinê men x‏ ا 
msin 0) iman) X і. (11-12)‏ + 1( 
If we take this latter equation and, for specific values‏ 
of m, plot n versus 0, we will get a series of curves, one‏ 
for each different value of m or £°/E, ratio, which can.‏ 
be used asa ready source for determining f. ven. This‏ 
has been done for six different values of m as seen in‏ 
Fig. 11-11. As the sync amplitude £' is increased, the‏ 
ratio of E'/E, or m is likewise increased. Consequently,‏ 
from these six curves, we can readily see that as the‏ 
sync signal is increased, that is, as we advance from‏ 
curve A to F, the value of n decreases for any particu-‏ 
lar value of 0.‏ 
To determine the value of fa man) at any particular‏ 
setting from the graph, we have to use equation‏ 
The resulting answer will be in terms of f,‏ .)11-12( 








the frequency of the syne signal, For instance, for a 8 
value of 135°, we intersect curve B at an n value of 
about 3. The value of m for curve B is 0.125; thus from 
‘equation (11-12) 


fe an) = (1+ 0.125 sin 135°) J 
= 1088 fe 
363 fo. 





The n value of 3 tells us that 3 cycles of the input signal 
will appear on the screen, From the above example, it 
is seen that the maximum natural relaxation frequency 
is equal to 0.363 times the syne frequency. If f, is equal 
to 1.200 eps, then f, (sus) will equal 436 cps, which is 
36 cps above f, the synchronized oscillator frequency, 
Tf the value of (1 + m sin 6) is greater than unity, then 
Jo imax) Will be greater than fg; if this quantity is less 
than unity. fe (max) Will be smaller than fy, The graph of 
Fig. 11-11 can be utilized in other ways, and the ex- 
ample chosen above was one method of illustrating its 
usefulness. 








Zones of Synchronized Operation 


It should be remembered that the minimum per- 
missible value of the natural relaxation-oscillator fre- 
quency can be easily calculated by the use of equation 
(11-8) ; but because of the variation of the maximum 
frequency with the angle 6, the maximum value of f, 
has to be interpreted from the graph of Fig. 11-11 and 
equation (11-12), The maximum and minimum per- 
missible values of the free-running relaxation fre- 
quency for a particular set of conditions have certain 
zones of operation where synchronization is possible. 
Outside of these zones, synchronization will not occur. 

In any problem involving equation (11-12), to ob- 
tain the numerical value of fx (max) We have to know fa, 
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the sync signal frequency. The maximum and mini- 
mum values of the ratio f/f, have been plotted against 
values of m from zero to unity for different values of я 
from 1 to 5. (Remember that = f,/fe.) This is illus- 
trated in Fig, 11-12, The maximum values of fa/fa 
(that is, where fa = fa (sax are indicated by the solid 
lines and minimum values of f,/f, (that is, where 
fa = fu mim) are indicated by the dashed lines, The re- 
gions bounding these maximum and minimum curves 
are shown shaded for each value of n. Synchronization, 
therefore, can occur only within these shaded areas. 
From these curves of Fig. 11-12, a number of inter- 
‘esting features are evident : 

1, As the value of s is increased, it becomes more 
difficult to effect synchronization. In other words, the 
area of the shaded zones decreases as n increases. 
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2. As m increases, the maximum value of natural re- 
laxation oscillations approaches the minimum value, 
3. As the sync amplitude increases, and hence аз т 
increases, it becomes more difficult to obtain synchro- 
nization, This is even more evident as n increases. 


4. When the value of f, becomes equal to f,/n, syn- 
chronization can only occur for quantities of m that 
have a maximum value of 0.73/n. Thus for the case 
when one cycle appears on the screen, that is, where 
т = 1, m cannot be greater than 0,73, For the case 
where n — 2, f./f, equals 0.5, and we find that m can- 
not be greater than 0.365. When n — 5, f,/f, equals 
02, and the maximum value of E'/E, is 0.146. 

5. For those cases where w is greater than 0.73/n, the 
natural relaxation frequency f, must be less than the 
synchronized relaxation frequency if locking is to 
occur. 





6. The areas in which synchronization occurs do not 
overlap for any particular value of m, For every value 
of m, or for that matter for fa/fa, when we go from one 
synchronized state to another, we pass through regions 
in which we cannot obtain synchronization, This 
very important to remember because it also tells us 
that even though we have a sync signal applied, syn- 
chronization is not always possible. For instance, for 
a fixed ratio of f,/f, of 04 and when n — 2, synchroni- 
zation will occur only for values of m between 0.2 and 
0.5. If the syne signal is too stnall so that т < 0.2, or if 
it is too large so that m > 0.5, synchronization will not 
be possible under these conditions, 

By taking the fa/fa or Y axis of Fig. 11-12, multiply- 
ing it by n, and then plotting this value of (f/f) 
against different values of m, we have another very 
convenient means of determining the extent of the 
maximum and minimum natural relaxation-oscillator 
frequencies. A graph of this plot is illustrated in Fig. 
11-13. Since m = fu/f., then n (fa/fa) simplifies down to 
4a/fe. Therefore, the graph of Fig. 11-13 is actually a 
plot of the ratio of the free-running frequency of re- 
laxation oscillations to the synchronized frequency of 
relaxation oscillations versus m. 

The plot is made for values of s between 1 and 10, 
The solid lines indicate the maximum values of fa/fo 
for any value of m from zero to unity. The single 
dashed line indicates the minimum value of f/f, and 
is seen to be the same for all values of n. This feature 
of the graph makes it very useful for interpretation of 
various factors concerning synchronization. Below we 
have listed a number of interesting features which are 
evident from this graph: . 











Fig. 11-13—A plot of the ratio of 

natural frequency to the synchronized 

Sawtooth "frequency versus diferent 
lues of m. 


1. As m increases, the area bounded by the maximum 
value of the n curve and curve A decreases. This indi- 
cates that the extent of synchronization decreases as 
n increases. 

2. As increases, the value of m (and hence the sync 
signal amplitude) must be very small in order to have 
fs > fo. In other words, the area of synchronization 
where fa/fe > 1 decreases as the value of m increases. 
3. In general, the area of synchronization above the 
line where f,/f, is equal to 1 indicates the possible 
plane of synchronization where f, > fo, or where fx > 
di/". This area of synchronization decreases as n in- 
creases. 

4. As the number of cycles to appear upon the screen 
is increased (i.e., an n increases), it is more difficult to 
effect synchronization. This is so especially when 
fa> fo 

5. The complete area bounded by the n = 1 curve and 
curve A is where synchronization can only occur. For 
all values of f/f, and m that intersect outside this re- 
gion, synchronization is not possible. 

6. As n increases to infinity, the maximum permis- 
sible natural relaxation frequency approaches the 
minimum permissible relaxation-oscillator frequency. 
This is indicated by the curve for n = 10 approaching 
curved. 

The analysis thus far was based upon the fact that 
the sawtooth curves are ideal, that is, they have linear 
traces and zero retrace times. Although this is only 
ideal, іп actual practice, the curves of Figs. 11-12 and 
11-13 are not very far off the practical cases and are 
well within the usual allowable limits between theory 
and practice. Although sine waves were used as the 
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sync signal, any other periodic function would have 
the same effects relative to synchronization. That this 
is so is witnessed by the fact that whatever type of sig- 
nal, which is observed on the screen of the eathode-ray 
tube, is also used as the sync signal of the oscilloscope. 





Apparent Synchronization 


We have previously pointed out that the synchro- 
nized relaxation-oscillator frequency has to be equal 
to, or some integral multiple of, the sync signal, for 
synchronization to be possible. This frequency rela- 
tionship is indicated by the expression f, 7 f,/, where. 
n can be any integer including unity. Every successive 
synchronized relaxation oscillation, that is, every cycle. 
of the synchronised sawtooth wave, was identical in 
frequency and amplitude. 

We can establish this identity as the rule for syn- 
chronization. This can be checked easily by examina- 
tion of the previous synchronization patterns (see 
Figs. 11-5 and 11-6). There are, however, cases where 
this identity does exist but does not truly represent 
synchronization or locking of the sawtooth oscillator 
with the syne signal. These cases are, therefore, excep- 
tions to the rule. For all these exceptions, the sawtooth 
signal during application of the sync signal must strike. 
the ionization potential curve at E, for every successive 
relaxation oscillation. That is, when that part of the 
ionization potential, represented by E' sin et, is equal 
to zero, striking occurs, and this happens when of is 
equal to 0° or 180°. Under this condition, the natural 
frequency of sawtooth oscillation must be equal to the 
frequency of the sawtooth signal during the applica- 
tion of the syne signal. 
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‘You will note that we did not refer to the sawtooth 
signal, when under the influence of the syne signal in 
this particular case, as a synchronized sawtooth signal 
(ie., as fo). This is so because, as we mentioned, syn- 
chronization does not actually exist when the fring 
constantly occurs at the potential Ey. To indicate that 
there is a difference between this synchronized and un- 
synchronized sawtooth, we will call the relaxation os- 
cillations when under the influence of the syne signal 
(in this exception to the rule), by the symbol f 
‘Therefore, for the case under discussion 

hep. (11-13) 

Since the striking voltage, when equal to E, occurs 
twice during each cycle of sync signal, a restriction is, 
therefore, placed upon fẹ’. We can represent this re- 


striction as 
=k (11-14) 
where p can have any integral value including unity. 








Now let us examine Fig. 11-14. This drawing shows 
us the case where the frequency of the sawtooth signal 
fı is equal to that of the syne signal f,. In other words, 
for Fig. 11-14, p of equation (11-14) is equal to two. 
Tf the value of p is always higher than two, f; will 
always be less than f,. Note that each cycle of the saw- 








the sine curve. If you will glance at Figs. 11-14 and 
11-15 once again, you will note that the sawtooth 
strikes the sine wave along negative slopes of the curve, 
If the sine waves were each shifted 180°, the sawtooth 
signals would strike at E, but along the positive slopes 
of the sine curve. Although we generally consider the 
positive slope a point of unstable synchronization, in 
this particular case, it cannot be considered as such, 
since we actually do not have any locking effect when 
the striking potential is constantly at E+ 

In the previous two drawings, the value of p was an 
even integer, being 2 for Fig. 11-14 and 4 for Fig. 
11-15. In the first case, f; — f, and in the latter, 
12 = 12. Such ratios can also exist in the true case 
of synchronization (that is, where the ionization po- 
tenta is Int at the same point other than at E, during 
‘each successive cycle of the sawtooth), where we have 
fo = fe and f, = f,/2. We commonly refer to all cases 
where the frequency of the relaxation oscillator is les 
than that of the syne signal by an integral value as fre- 
quency division, By this we mean that we have to 
divide into the frequency of the sync signal by some 
integer greater than one to obtain the frequency of 
relaxation oscillations. In these cases, the division is 
by a whole number. For simple frequency division 
(that is, where f, 18 an integral multiple of f^) to hold. 
for equation (11-14), p has to be even and greater 
than two. 

Let us examine the situation of equation (11-14) 
when p is not an even number but is an odd number 
greater than one, If p is equal to 3, equation (11-14) 
becomes. 

к=з, 


which means that the frequency of relaxation oscilla 
tion must be % that of the sync signal, This particular 
situation is illustrated in Fig. 11-16, where curve A 
represents the sawtooth signal having % the frequency 
of the sine curve. This is often called fractional divi- 
sion. By rearranging equation (11-12) as follows, 


af 

we can actually see that f, is divided by a fractional 
number. An interesting feature of fractional division 
is that the sawtooth strikes the sine wave alternately 
on the negative and positive slopes of the curve at Ey. 

Fractional division cannot occur when actual syn- 
chronization exists, For fractional t0 occur 
in this case, the number s in the relation f,  fi/n 
would have to be a fraction, which we know to be 
impossible. 

From the drawings of Figs. 11-14, 11-15, and 11-16, 
we see that the sync signal has no effect upon the re. 
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laxation oscillations because each cycle strikes at ioni- 
zation potential E, which would also exist if the syne 
signal were not present. However, if the amplitude of 
the sync signal is too strong, the sawtooth wave may 
intercept the ionization potential curve at a premature 
value less than E, Curve B of Fig. 11-16 illustrates 
such a case. This curve initially started out as a case 
of fractional division where p is equal to five, that is, 
where fu’ = 2f,/S. Thus each cycle of the sawtooth is 
supposed to strike the sine curve at E, every fifth half- 
cycle. However, when the second cycle of sawtooth 
starts to rise, it heads for point X on the E, line, but. 
due to the strong sync signal, it strikes the sine curve 
at point Y. When this happens, the capacitor dis- 
charges and we have a complex situation where each 
successive cycle is different in frequency and ampli- 
tude. 

From the analysis thus far, we can readily visualize 
what will happen if p is greater than 5. Of course, if 
we want to avoid the effect of hitting the sine curve 
other than at E, the strength of the sync signal has to 
be small, This is even more so as f becomes greater, 
that ís;as f; becomes much smaller than fe- 

What about situations where the frequency of the 
sawtooth signal, whether it be represented by f, or 
Je’, in greater than f? Such cases cannot be synchro- 
niaed, which means that the situation where f, is a 
multiple off, is not possible. However, it is possible to 
have f, greater than fu, but only for one frequency. 





Examination of equation (11-14) will reveal that this 
single case is where p is equal to unity. In other words, 
only when f; — 2j, is this situation possible. 

In Fig. 11-17 a graphical analysis appears, showing 
this case. Note that each cycle of sawtooth strikes each 
halí-cycle of the sine wave at E,. This situation is often. 
referred to as frequency multiplication; it can exist 
only where the sawtooth constantly strikes at E, and, 
therefore, does not represent a true case of synchro- 
nization. 

The existence of conditions where the striking volt- 
age must be equal to E for every cycle of sawtooth es- 
tablishes the fact that the natural frequencies of re- 
laxation oscillations f, must always be equal to f, 
Since f' is characterized by the relation 2f,/p, where 
can be any integer, there is no limiting condition, If 
we were to gradually reduce the syne signal and then 
remove it, striking would still occur at Ey. Thus, this 
does not represent the case where the syne signal 
‘causes the sawtooth to become locked-in, although the 
pattern may appear stationary on the screen. That we 
cannot consider this as a case of synchronization is 
evidenced by the fact that there is no finite value of E" 
to substitute in the relation E/E, (the ratio m), and 
so these particular cases do not fall into any of the 
regular zones of synchronization of Fig. 11-12 or 
within the limits of the curves of Fig. 11-13. 


Oversynchronisation 





It is very important to know how to operate your 
oscilloscope properly. This is especially so in the use 
of the syne control because the strength of the sync 
signal affects the relaxation oscillations, Although you 
may not realize it by the picture you are viewing on the 
screen of your oscilloscope, the reproduced picture may 
be distorted if too much sync signal is applied. This 
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was indicated in Chapter 10. We mentioned previously 
that for proper oscilloscope operation, the fine sweep- 
frequency control has to be adjusted first, keeping the 
sync control at zero, to stop, as best as possible, the 
pattern on the screen. After this adjustment is made, 
some syne signal is injected into the sweep circuit by 
careful manipulation of the sync control. As soon as 
the pattern is "stopped," no more sync signal should. 
be injected, 

If the amplitude of the sync signal is too great, it may 
cause the sawtooth sweep to intercept the ionization 
potential curve at different values and thereby each 
successive cycle of the resulting sawtooth will not have 
the same frequency and amplitude as the preceding 
one, Thus the sweep signal itself would be distorted. 
Naturally, a sweep signal such as this would not re- 
produce the input signal in its true form. 

In Figs. 11-12 and 11-13, we illustrated zones of 
synchronized operation for various different values of 
n. We investigated most of these cases that fall within 
these zones, that is, within the shaded areas of Fig. 
11-12 and within the area enclosed by the curve n — 1 
and the dashed curve of Fig. 11-13, but we have not 
said anything about what occurs outside these areas. 
The application of too much sync signal may cause the. 
operation of the circuit to fall outside of these areas. 
When this happens, we say that we have a condition of. 
oversynchronisation. 








Let us graphically analyze what happens to the re- 
laxation oscillations because of oversynchronization 
and then illustrate some practical cases by oscillo- 
grams. In Fig. 11-18, sine curve A represents a normal 
sync signal and sawtooth wave B the accompanying 
relaxation oscillation. The relationship between the 





frequency of the sync and sweep signal is 
only one cycle of sine wave will appear on the sereen 
of the cathode-ray tube. Assume that shortly after- 
wards the strength of the sync signal is raised to the 
point where the resulting ionization potential takes the 
form illustrated by sine wave C. 

As the sawtooth wave rises, it would have originally 
headed for point s on the original curve of ionization. 
potential. However, due to the increase in the alter- 
nating ionization potential, it strikes the new curve at 
point £. The capacitor discharges at this latter point, 
and when the tube reaches the deionization potential at 
point u, the capacitor starts to charge up again at the 
same rate as before the increase in sync signal. The 
sawtooth signal rises again until it reaches the ioniza- 
tion curve, sooner than expected, at point v. The ca- 
pacitor then discharges to point wand charges up again 
at the same rate until it strikes the ionization curve at 
point x. Points t and + are at the same potential, as are 
points v and z. For the same amount of increased sync 
signal, the relaxation oscillations assume the shape 
illustrated in the drawing after point u. 

You will note that with the oversynchronization il- 
lustrated in Fig. 11-18, the frequency of the relaxa- 
tion oscillations has been doubled and is equal to twice 
that of the sync signal. That is, two cycles of sawtooth 
signal appear for every sine-wave cycle. Under thi 


condition one cycle of sawtooth will no longer sweep 
the screen of the cathode-ray tube; the nonuniform 
sawtooth will cause the pattern to be distorted, 
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Fig. 11-20, —А small amount of oversynchronization. 
changed the sine wave of Fig. 11-19A to (A) of this figure. 
‘The sawtooth at (B) is that causing the pattern at (A). 


Now let us examine some typical oscillographic 
waveforms of operation under different amounts of 
syne signal. In the following drawings, the input signal 
is a 5,000-cps sine wave which measures about 100 
volts peak to peak, unless otherwise indicated. In Fig. 
11-19 appear two photos, That at (A) illustrates three 
cycles of a sine wave, properly synchronized, and that 
at (B) the synchronized sawtooth signal causing the 
picture at (A). Since three cycles of sine wave appear. 









АЛЛ 


(в) 


on the screen, n 3f,. Using these two 
photos for comparison, we will gradually keep increas- 
ing the strength of the sync signal and observe the re- 
sulting pattern of the input signal and sawtooth sweep. 

The two patterns of Fig. 11-20 are the result of a 
small amount of oversynchronization. That at (A) in- 
dicates the resulting pattern, while that at (B) is the 
relaxation oscillation causing the pattern at (A). Note 
that the sawtooth wave at (B) closely resembles the 
theoretical drawing of Fig. 11-18, except that in Fig. 
11-20R the second sawtooth cycle does not have as 
small an amplitude as that of Fig. 11-18. 





For Fig. 11-21, the sync signa! was increased still 
further. The photos represent an interesting phenom- 
it (A) and the sawtooth 
signal at (B) arc not distorted. The increased sync 
nged the shape of the ioni 


enon in that the sine wave 











signal at this point has ¢ 





zation-potential curve in such a way that each cycle of 
is of the same frequency 
and amplitude. The repetition frequency of this saw- 
tooth wave is such that only two cycles of the input. 
signal appear on the screen instead of three cycles as 
in Fig. 11-19. This means that the frequency of re- 
laxation oscillation for the signal at Fig. 11-21B is 
only one-half that of the input signal (fe = fa/2). In 
this particular case, 
caused distortion, but has only 


the resulting sawtooth sign 





100 much s 
increased the frequency 
and decreased the amplitude of the sawtooth signal. 

If the syne signal is increased still further, we find 
that we once again distort the pattern. This is shown 
by the oscillograms of Fig. 11-22. The distorted sine 


mc signal has not 





« 
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Fig. 11-22—A further increase in syne 
distorted sine wave at (A) due to the distorted sawtooth 
at (B). 
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Fig. 11-23.—Inereasing the syne control to its maximum po- 
sition results in the distorted sine wave at (A) due to the 
distorted sawtooth at (В) 





wave appears in part (A) and the distorted sawtooth 
in part (18). Comparing this sawtooth of Fig. 11-208 
with that of Fig. 11-22B, we see that they are some- 
what similar in shape, but that in the latter, the fre- 
quency iy increased and the amplitude i» decreased 





When the sync control of the oscilloscope in use is 
advanced to it» maximum point, the photos of F 
11-23 result. That at (A) is the reproduced pattern of 
the input signal and that at (B) the distorted saw- 
tooth that caused the pattern at (A). In order to find 
out what a stronggr amount of sync signal would do to 
the relaxation o: ous, the 5,000-cps input signal 
to the oscilloscope increased from 100 to 300 volts peak 









Fig. 11-24.—The strength of the sine wave was 
over that for the latter figure and keeping all controls as 
were previously, the resultant wave is shown at (A) 
sawtooth at (B). 


Ff 


to peak with all controls remaining unchanged from 
what they were to produce Fig. 11-23. The pattern of 
the reproduced input signal appears in part (A) and 
the distorted sawtooth causing this pattern is shown 
in part (B) of Fig. 11-24. Compare these pictures with 
those of Fig. 11-23. In considering the photos of Fig. 
11-24, remember that too high an increase in the 
strength of the input signal may cause overloading and 
distort the sine wave before it reaches the cathode-ray 
tube. 

When the input sine wave is changed to 250 eps at a 
peak-to-peak voltage of 66 volts, the resulting patterns 
due to oversynchronization are illustrated in Fig. 11-25. 
Note the odd shape of these curves. That at (A) rep- 
resents the reproduction of the input signal, while that 
at (B) is the distorted sawtooth that reproduced the 
pattern at ( A). The pattern of the sweep signal is such 
that we see two small relaxation oscillations in be- 
tween the large oscillations. It is these small sawtooth 
waves that cause the “zig-zag” distortion on the left 








side of the pattern in Fig. 11-25A. 






Fig. 11-25—The frequency of the input sine wave was 
changed from 5,000 cps to 250 cps and at a peak-to-peak volt- 
age of 66 volts. The resultant sine wave is at (A) and the 
sawtooth causing it at (B). 


A graphical analysis of how the sawtooth signal of 
Fig. 11-25B can take on the shape shown is illustrated 
in Fig. 11-26. With too much sync signal applied, the 
ionization potential appears as shown in the drawing. 
As the sawtooth wave rises, it strikes the ionization 
curve at point a and the capacitor then discharges, As 
the sawtooth starts to rise again at the same rate a3 
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Fig. 11-26.— Graphical 
сап cause the distorted 


nalysis of how oversynchronization 
tooth wave of Fig. 11-28B. 








before, it does not have a chance to rise very much and 
it strikes the sine wave at point b; the capacitor then 
discharges again. The same thing happens all over 
again with the sawtooth on the next rise time hitting 
the sine curve at point c with the capacitor then dis- 
charging. What has happened iy that for every cycle of 
syne signal, we have three cycles of sawtooth, each 
individual sawtooth cycle differing in frequency and 
amplitude, The interesting thing about this drawing 
is that the sawtooth signal between points a and d is 

repeated. 

yg the syne signal to its maximum when its 
input is still 250 cps at 66 volts results in the oscillo- 
grams of Fig. 11-27. That at (A) is the reproduced 






sara Fg. TOS rendi i te reprend metuis (AUT 
he distorted sawtooth is at (B). Ч 


signal of the input and that at (B) the distorted saw- 
tooth causing the picture at (A). Looking at Fig. 11-26 
once again, you can easily visualize that a further in- 
creasc in the sync signal, and hence ionization poten- 
tial. will cause the negative peaks of sine wave to go 
below the deionization potential. This is what hap- 
pened in the case for Fig. 11-27, and the very strong 
sync signal has actually blanked out some of the saw- 
tooth signal 


SYNCHRONIZATION OF MULTIVIBRATORS 
AND BLOCKING OSCILLATORS 


The analysis of synchronization in multivibrators is, 
in general, more complex than in the case of the simple 
thyratron relaxation oscillator. However, the'qualita- 
tive analysis relative to the thyratron synchronization 
applies to multivibrators also. 





Part of the input signal is also used as the control 
or synchronizing voltage for multivibrator circuits 
when employed as sweep circuits in oscilloscopes. This 
control voltage is applied to one of the grids of the 
multivibrator. Tn the following discussion, for the sake 
of illustration, this control or syne voltage will be as- 
sumed sinusoidal unless otherwise indicated, Since the 
syne signal iy alternating, the instantaneous bias on the 
grid of the tube to which it is applied will also be 
changing. The effect of this is that the syne signal will 
actually control the start of the conduction period of 
the tube, From what hay already been discussed about 
multivibrators in Chapter 9, we can readily understand. 
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Fig. 1128—A typical cathode coupled. mulivibrator cir- 
cuit showing the application of sync voltage. 


420 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


that controlling the conduction period of one tube will 
‘automatically control the operation of the circuit, 

With multivibrators, it is possible to have the fre- 
quency of the applied syne signal f, equal to an integral 
multiple of f, the synchronized frequency of relaxation 
oscillations. In other words, the ratio of f./fe for multi- 
vibrators can be equal to, or greater than, unity. Under 
‘special applications, as will be seen later, the f,/f, ratio 
may be less than unity. A typical multivibrator circuit 
as used in oscilloscopes, showing the circuit of syne sig- 
nal input, is illustrated in Fig. 11-28. (This circuit is 
the same as that of Fig. 9-67, except for the syne in- 
put.) The syne signal input is applied across poten- 
tiometer R2, which is used to vary the amount of syne 
input to the grid of V2. 


Sine-Wave Synchronization of Multtvibrators 


Let us now graphically analyze how a sine-wave 
control signal affects synchronization of a multivi- 
brator circuit similar to Fig. 11-28, In this analysis, 
we will use the grid-voltage waveform of the multi- 
vibrator to illustrate synchronization. This is indicated 
in Fig. 11-29. That part of the grid-voltage curve be- 
tween times A and C represents that waveshape with- 
out any sync signal applied. At time C, a sinusoidal 
syne signal is applied, and instead of the capacitor dis- 
charge curve being a simple exponential curve as in 
the previous cycle, it actually becomes a sinusoidal 
curve superimposed over the exponential curve. The 
dashed curve represents the grid voltage if no sync 
signal were applied, while the solid line is the actual 
curve. 














29. Analyi of how a sinere signal is woed as 
the nc volage when pled to the pdf's mbar 


The sync signal controls the time when the voltage 
on the grid of the tube in question will reach the cutoff 
bias and, therefore, cause the tube to conduct. Note how 
the sync signal of Fig. 11-29 has caused the free-run- 
ning frequency of the multivibrator to increase by be- 
coming locked-in with the syne signal. In the example 


illustrated, the frequency of sync signal is three times 
аз great as the frequency of the synchronized half-cycle 
of multivibrator action, thus fs = 6fe. This frequency 
relationship is, of course, very simple to see when the 
multivibrator is symmetrical. This also means that the 
instantaneous voltage on the grid of each tube is ex- 
actly the same at the start of each individual half-cycle, 





If the strength of the syne signal is increased, the 
cutoff point of the tube will be reached at an earlier 
instant, In other words, with an increase in sync am- 
tude, the synchronized frequency will be further 
increased, but the ratio of f,/f, will be decreased. This 
can be seen better from Fig. 11-30. This picture de- 
picts an increase in the strength of the sync signal of 
Fig. 11-29 so that after the second cycle of sync signal, 
the cutoff bias of the tube is reached and conduction 
starts, The dashed curve is the grid-voltage waveform 
that would exist if no sync signal were applied ; it is 
the same curve as that between times C and E of Fig. 
11-29. With this fact understood, you can readily see 
that the period of the synchronized half-cycle of multi- 
vibrator grid voltage between times C and D of Fig. 
11-30 is less than that between times C and D of Fig. 
11-29. Also note from Fig. 11-30 that the effective sync 
frequency has been reduced. Consequently, it is evi- 
dent that an increase in sync amplitude will greatly re- 
duce the f/f, ratio ; the ratio in Fig. 11-30 is 4 to 1, as 
compared to a ratio of 6to 1 in Fig. 11-29. 

If the multivibrator circuit uses a positive grid-bias 
return (as in some of the circuits analyzed in Chapter 
9), the stability of synchronization is increased be- 
cause the discharge curve over which the sync signal 
is superimposed is more linear (see Fig. 9.75B). 
Hence, a greater increase in sync amplitude is required 
in order that the f,/f, ratio change. 

‘From the analysis thus far, we see that the frequency 
of the syne signal can be much greater than that of the 
multivibrator because it is only that small part of the 
syne signal near the cutoff bias of the tube that affects 
the oscillation. Besides the amplitude, the frequency of 
tthe sync signal also affects the synchronized frequency 
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‘of multivibrator oscillations. A slight change in the 
frequency of the sync signal will bring about a small 
change in the synchronized frequency of multivibrator 
oscillations. This is indicated in Fig. 11-31. Part (A) 
of this drawing shows two cycles of syne signal super- 
imposed over the grid-voltage discharge curve. The 
phase relationship between the syne signal and grid 
voltage in this drawing is such that the sync signal 
reduces the grid voltage to the cutoff value of the tube. 
at the same time as the exponential discharge curve 
reaches the cutoff value. The time for the completion. 
of the two cycles of sync signal and also the half-cycle 
of grid voltage is represented by time F to G in part. 
(A) of the drawing. 





Fig, 11-31.—The sine-wave sync signal of part (A) when 
slightly increased in frequency causes an increase in the syn- 
housed frequency of muluvibrater cecltons us shown 
at (B). 


Assume now that the frequency of the sync signal 
is increased by a small amount, This is indicated in part 
(B) of Fig. 11-31 by a reduction in the time required 
to complete the two previous cycles of sync signal. For 
synchronization to be effective at the end of exactly 
two cycles of this increased sync signal frequency, 
there must be a phase change between the beginning of. 
the grid-voltage curve and the sync voltage. This phase 
change is evident in part (B), and it causes the nega- 
tive amplitude of the grid voltage at the beginning of 
the curve to decrease from what it was at part (A). 
Glancing at these two drawings, we see that the time 
required to complete the half-cycle of grid voltage is. 
decreased from FG to FH, indicating that the fre- 
quency of the grid voltage is increased and is made to 
lock-in with the sync signal. 

You will note that in the drawings of Figs. 11-29, 
11-30, and 11-31, there is по sinusoidal sync signal 
indicated on that part of the grid voltage above the 
zero voltage line. This is so because as soon as the tube 
to which the syne voltage is applied starts conducting, 
the grid is driven positive and grid current starts to 
flow. It flows only for a short time, however, and the 
{grid is at zero voltage during the conduction period of 
the tube, Thus any sinusoidal sync voltage would cause 











grid limiting, which in effect prevents the sync voltage 
from being additive to the grid voltage at those times. 
Another important factor in the operation of the multi- 
vibrators as indicated in these same drawings is that 
synchronization will only occur when the sync fre- 
quency is higher than the free-running or natural fre- 
quency of the multivibrator. 

‘The first cycle of the grid voltage subject to the syne 
signal usually will not be the final synchronized wave- 
shape as is indicated in Fig. 11-29, The exact shape of 
this first cycle is, as pointed out by Fig, 11-31 
pendent upon the frequency and phase of the sync si 
nal at the time it is applied to the circuit. After appl 
cation of the sync signal, a few cycles of operation must 
normally elapse before the multivibrator will fall into 
a synchronized steady-state condition in which every 
one of its following cycles will be identical, 

The discussion thus far was based upon that of a 
symmetrical multivibrator, but, as we know, an asym- 
metrical multivibrator is the type that is used to pro- 
duce a sawtooth output waveform. However, what- 
‘ever was said concerning the superposition of the syne 
signal to the grid-voltage curve as in Figs. 11-29 and 
11-30 m controlling the frequency of operation of sym- 
metrical multivibrators applies equally well to unbal- 
anced types. The primary difference is that the rela- 
tive ratios of f, to f, vary in accordance with the degree 
of unbalance, The tendency to synchronize at different 
fu/fe ratios is increased for asymmetrical mul 
brators. It becomes too complex to graphically illus- 
trate various f,/f, ratios for different degrees of asym- 
metry in a multivibrator. 

Of course, we have only referred to synchronization 
of multivibrators as normally employed in oscillo- 
scopes. In these circuits, the sync signal is usually fed 
to the grid circuit of one tube. There are, however, 
numerous other methods of introducing the sync si 
nal, and in accordance with these methods of sync-sig- 
nal introduction and the symmetry of the circuit, the 
multivibrator can be made to favor special f,/f, ratios 
or to show no particular distinction at all. For further 
details about such circuits, consult the bibliography. 
















Multivibrator Synchronisation by Pulses 

‘Thus far, we have indicated synchronization of thy- 
ratrons and multivibrators by assuming the sync signal 
to be a sine wave. As mentioned, other types of syne 
signals could have been used. If fact, synchronization 
of multivibrators by pulses of short time duration is 
generally more satisfactory, The pulses may be either. 
positive or negative, and there are numerous ways in 
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which they can be applied to the circuit. The use of 
pulses as synchronizing signals is analogous to the use 
of pulses for triggered or driven types of multivi- 
brators. These pulses are applied directly either to the 
grid or to the cathode circuit of the tube in question. 
Whatever the polarity of the signal applied to the 
cathode, it will effectively appear in the grid circuit of 
opposite polarity. 

Let us first consider the case where positive pulses 
are effectively superimposed on the grid voltage of a 
symmetrical multivibrator. As in the previous dis- 
cussions on synchronization, it is the amplitude and 
frequency of the sync pulse signal which will deter- 
mine whether or not the pulse will be able to synchro- 
nize the multivibrator properly. In Fig. 11-32, we have 
illustrated а case of synchronization by the use of a 
positive pulse superimposed on the grid-voltage wave- 
form. You will note that the positive pulses are effec- 
tive on both half-cycles of the grid-voltage waveform. 
However, those positive pulses that cause the grid 
voltage to increase above its zero value, as pulses 2 
and 3 in the drawing. will cause only a momentary in- 
crease in grid and plate current, It will have no effect. 
on the action of the multivibrator when it is thus ap- 
plied to the conducting tube. 

Pulse number 7, which is effective during the non- 
conduction period of the tube to which it is applied, is 
of insufficient amplitude to increase the grid voltage to 
cutoff. When pulse 4 is effective, the phase relationship 
between the grid voltage and the pulse is such that the 
amplitude of the pulse is then sufficient to cause the 
grid voltage to rise above its cutoff value, and thereby 
make the tube conduct at time D. Time Æ in the draw- 
ing indicates where the free-running frequency of the 
multivibrator would have made the tube conduct, After 
this initial point (time D) has been reached, the syne 
pulses that follow will each cause the tube to become 
conductive at a time sooner than if no sync signal were 
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applied. After a small period of time, the pulses will 
cause conduction of the tube at exactly the same point 
during each cycle of grid voltage, and thus synchroni- 
zation is complete. 

If you will glance at the drawing of Fig. 11-32 once 
again, you will sce that the synchronized grid-voltage 
waveforms at the extreme right of the drawing are no 
longer symmetrical, Therefore, we find that when a 
syne signal is applied to one grid of a symmetrical 
multivibrator, it will not only tend to change the fre- 
quency of the multivibrator to effect synchronization, 
but will also make the resulting waveform asymmetri- 
cal for each cycle, 

In the analysis of Fig. 11-32, the sync-pulse fre- 
quency (ie. the pulse repetition rate) is slightly 
greater than the free-running frequency of the multi- 











vibrator. The sync signal causes the multivibrator fre- 
quency to become locked-in with pulse frequency, 
Thus, fs is equal to fe. If the amplitude of the pulse 
mot s 









ong enough, it may be difficult to effect syn- 
is best illustrated by the diagram 
11-33, In this drawing, the frequency of the 
sync signal is still slightly greater than the free-run- 
ning frequency of the multivibrator, but the sync pulses. 
are of insufficient amplitude to effect synchronization. 
In other words, itis difficult for the syne pulse to cause 
the grid voltage of the tube to which it is applied to 
reach the cutoff value sooner than it normally does. 
It is also possible to synchronize the multivibrator 
by syne pulses that are a multi 
multivibrator frequency. This 
of Fig. 11-34, Synchronization is assumed to already 
exist in this drawing. Every third pulse (numbers 1, 
4,7, 10, and 13 in the drawing) causes the grid voltage 
10 reach the cutoff bias of the tube prematurely and 
thereby start conduction. The conduction periods of 
the tube are indicated by that part of the grid-voltage 
waveform above the cutoff bias of the tube; below it, 
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the tube is nonconductive. Pulses 2, 5, 8, and 1] are 
applied when the tube is in the conducting state and, 
therefore, have no synchronizing effect. Pulses 3, 6, 9, 
and 72 are applied when the tube is nonconductive. 
Although these pulses reduce the bias on the tube, they 
are not strong enough to bring it to cutoff. Each group 
of pulses just discussed occurs at the same point in 
each cycle of synchronized multivibrator operation. 
For the case illustrated, the frequency of the sync 
nal is three times that of the synchronized multivi- 
brator, that is, f, 

Since the conductive and cutoff action of both tubes 
of a multivibrator are interrelated, then the synchro- 
nizing effect is coupled from one tube to the other and 
all waveforms line up in accordance with the synchro- 
nized grid waveform ; synchronization of the circuit is, 
therefore, considered complete, 

When a negative pulse is superimposed on the grid- 
voltage waveform, it will effect synchronization only 
when it ix applied during the conduction period of the 
tube, When applied during the nonconduction period, 
it will not have any effect on locking-in the two signals. 
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positive pulse is applied, At first thought, one would 
then believe that the negative pulse, when applied to 
the grid must, during conduction periods of the tube, 


be strong enough to reduce the grid voltage of the tube 
to which it is applied from zero to a negative value 
great enough to drive the grid beyond cutoff, This is 
not necessary ; let us see why. 

In order to understand the phenomenon when a 
negative pulse is applied, we will study the grid-volt- 
age waveforms of both tubes of the multivibrator. Re- 
fer to Fig. 11-35, Part (A) of this drawing indicates 
the negative pulse input; part (B) shows ey, the grid 
voltage of tube 17, to which the negative pulse is ap- 
plied; part (C) is con the grid-voltage waveform of the 
other tube, V2. The important 10 remember. 
about multivibrators in order to comprehend the anal- 
ysis to follow is that the signals at the respective grids 
are 180° out of phase with each other. 

The frequency of the grid-voltage waveform from 
time a to e is that of the free-running multivibrator, 
because during that time the sync pulses are not effec- 
tive in initiating synchronization. The first negative 
pulse reduces grid voltage ej;, but not by enough to 
reach the cutoff value of the tube. This pulse is, how- 
ever, amplified by the tube 71, to which it is applied, 
and appears at the grid of tube 2 as an amplified pos 
tive pulse. This is indicated at time b. The positive 
pulse on grid voltage ep is not great enough to raise 
‘the grid voltage to cutoff, therefore, the circuit contin- 
ues to oscillate at its natural frequency. 

‘Negative pulses 2 and 3 are superimposed on grid 
voltage ¢,1, but occur during the nonconduction period 
of V1. The result is that the bias on the tube is made 
more negative at times c and d. Since tube V is cut 
off during these moments, there is no coupling effect 
from tube V1 to V2, and so the grid voltage of tube V2 
remains uncharged. The frequency and phase rela- 
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SYNC PULSES (NEGATIVE) 









tionship between the pulse signal and that of the free- 
running multivibrator are such that at time f, during 
pulse 4, synchronization is initiated. 

Negative pulse 4 reduces the ey, hia», hut is not great 
enough to reduce it to cutoff. This we already know 
from the action of pulse 1. However, pulse 4 is applied 
to the grid at a later time, nearer the end of the conduc- 
tion period of tube V1. When the negative pulse is 
coupled from 171 to the grid of tube 2, it will be of the 
same positive amplitude as that indicated at time b on 
curve ey, because the amplification factor of tube V1 
remains the same. However, at time f, the value of eg, 
is less negative than at time Б. Тһе amplitude of 
positive pulse on the ej, curve at time f is great enough 
to overcome the existing negative voltage to the point 
where the cutoff bias of the tube is reached. This means 
that tube 72 will start conducting at an earlier time 
than usual, increasing its effective frequency of opera- 
tion. The dotted parts of the grid-voltage curves after 
time f indicate what the continued shape of the curves 
would have been without synchroni 

Alter time f, each sync pulse will bring about a pre- 
mature conduction of tube V2, and a few cycles after 
the initiation of sygchtonization, the frequency of the 
multivibrator will fall in with that of the syne pulses 
and synchronization will be complete. In the case under 
discussion, the frequency of the sync signal and that of 
the synchronized frequency of the multivibrator are 
equal, that is f, = fo. It is also possible to have f, greater 
than fe, similar to that indicated in Fig. 11-34. 

‘The amplitude of the negative pulse does not have 
to be great enough to drive the tube to which it is 
applied to cutoff, It must be strong enough, however, 
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when multiplied by the gain of this tube, to cause the 
second tube to start conducting prematurely, 


Pulse Synchronization at Multiples 
‘of Sync Frequency 

It is also possible to obtain synchronization when 
the frequency of the syne signal is less than that of the 
synchronized multivibrator at some integral ratio. 
When this occurs, only that particular cycle of 
tion being synchronized is controlled by the syne 
nal. For example, if the pulse repetition rate of a syne 
signal is 1,000 cps, and the multivibrator frequency is 
2,000 cps, every second cycle of multivibrator oscil 
tion will be synchronized, with the other cycles in- 
between the synchronized cycles “falling in line.” 
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On the basis of this type of synchronization, the fun- 
damental frequency output from one rigidly controlled 
multivibrator can be made to control another relaxa- 
tion oscillator or a group of oscillators. This is exactly 
what is done in the synthesizer discussed in Chapter 
20. A standard sine-wave signal, obtained from a crys- 
tal-controlled oscillator or a tuning fork, is used to 
synchronize the fundamental multivibrator. The fre- 
quency of the sine-wave standard can be equal to or 
some integral multiple of the synchronized funda 
mental multivibrator frequency. 

‘The controlled frequency of the fundamental multi- 
vibrator is 500 cps. The square-wave output from this 
circuit is differentiated into sharp pulses and then the 
positive pulses are clipped, leaving only negative 
pulses, which are then used to synchronize the multi- 
vibrator circuits operating on higher-order harmonics 










11-37.—When the multivibrator is operating at twice 
me pulse frequency, the plate voltage waveform of (A) 

grid voltage waveform (B) results. Note the sync 
‘pulses appearing at every second cycle of (А), 


of 500 cps. Fig. 11-36 shows a typical circuit of any 
one of the multivibrators, indicating the negative pulse 
input. Note that it is a modified form of the cathode- 
coupled multivibrator. 

The negative sync-pulse input is fed to the grid of 
V1. This means that the sync signal will appear in the 
plate circuit as a positive pulse. If the input pulse is 
strong enough, a picture of the square-wave output 
from the plate of V/1 will show small pulse pips on the 
leading edges of those square-wave cycles that are syn- 
chronized. In order to indicate this phenomenon, a 
number of oscillogram waveforms were taken at the 
plate of V1, for similar multivibrators operating at 
various harmonic frequencies of the 500-cps negative- 
pulse input. 
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Fig, 11-38.—The plate voltage (A) and grid voltage (B) 
of the multivibrator when the sync pulse frequency is one- 
third that of the multivibrator frequency. 


The photo at the VZ plate of a 1,000-eps multivi- 
brator is illustrated in part (A) of Fig. 11-37. Note 
the sync pulses are positive and appear on every other 
cycle of the square wave. This photo readily indicates 
that f, = 2. The oxcillogram at part (B) of the same 
figure represents the grid voltage at pin 1 for the same 
1,000-cps multivibrator. The long negative pulses rep- 
resent the syne signal, which occurs at every other 
small negative pulse. The negative sync pulse is actu- 
ally superimposed over a small negative pulse. 
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Fig. 11-39—When the sync pulse frequency is equal to 
one-fourth the multivibrator frequency, the plate and grid 
voltages that result are indicated in parts (A) and (B) 
respectively. 
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Figs. 11-38A and B, respectively, show the plate and 
grid voltages from the circuit of the multivibrator in 
question when the frequency of the multivibrator is 
equal to 1,500 eps. Note that the syne pulses in each 
photo occur at every third cycle of the signal, indicating 
that f, — 3f, When the multivibrator frequency is 
‘equal to 2,000 eps, the resultant plate- and grid-voltage 
waveforms will have the sync pulses appearing at every 
fourth cycle of the signal, This is indicated by the os- 
cillograms of Fig. 11-39, in parts (A) and (B), respec- 
tively, For these pictures, f, 4f,. 


Synchronization of Blocking Oscillators 

‘The method of synchronization for blocking oscil- 
lators lar to that for multivibrators. Referring 
to Fig. 9-77 in Chapter 9, you will notice that the dis- 
charge part of the grid-voltage waveform of the block- 
ing oscillator is similar to that of the multivibrator. 
should be remembered, however, that a blocking oscil 
lator normally consists of one tube. The synchronizing 
signal is usually injected into the grid circuit of the 














Fig, 11-40.—A typical method of introducing the sync signal 
to a blocking-oscillator circuit. 


tube to cause the bias to increase at least up to the cut- 
off value and thereby make the tube conduct pre- 
maturely. Better control can be had by using pulses of 
short time duration, 

A typical method of introducing the syne signal to 
blocking oscillator is illustrated in Fig. 11-40. In this 
circuit, the sync signal is coupled to the grid through 
the grid winding of the transformer and coupling 
capacitor C. 





CHAPTER 12 
PHASE AND FREQUENCY MEASUREMENTS 


In many radio cireuit problems in different fields of 
communication, it is often desired to know the phase 
difference between two voltages, two currents, or be- 
tween a voltage and a current. In other cases, it is very 
important to determine the frequency of some particu- 
lar signal. The oscilloscope is a very handy instrument 
for such phase and frequency measurements. 

In the analysis of such types of measurements with 
the oscilloscope, we have to consider the application of 
an a-c signal to both sets of deflection plates. Conse- 
quently, in the process of studying the use of the oscil- 
loscope for phase and frequency measurements, we 
will also be examining the action of the electron beam 
under the combined influence of both ac signals. 


AC Voltages on Both Sets of Plates 


When a voltage is applied to each set of deflection 
plates, the pattern which appears on the screen is the 
result of the continuous displacement of the spot in two 
dimensions at every instant of time and always acting 
at right angles to cach other. The amplitude of these 
voltages, whether these voltages are alternating or 
direct, is going to influence the shape of the resultant 
pattern, In applying an a-c voltage to each set of de- 
flection plates, another factor is very important in 
determining the shape of the resultant pattern on the 
screen, This factor is the relative phase relationship 
between the two a-c signals, 

If the amplitudes of both a-c voltages are constant, 
but the phase of one or both is changed, such that the 
initial phase relation between them is no longer the 
same, then the pattern on thé screen will also change. In 
like manner, if the initial phase relation is held constant 
and the amplitude of either one or both signals is 
changed, then the pattern on the screen will also 
change. Whatever the situation, the shape of the pat- 
tern is going to be determined by the phase relation 
between the instantaneous deflection-voltage fields, as 
well as by the amplitude relationship. Despite the fact. 
that the phase relationship does influence the pattern, 
when this relation is unknown, the pattern neverthe- 
less still conveys certain information. 


It is also of interest to realize that simple as well as 
complex patterns may result from the application of 
a voltages to both plates. However, regardless of the 
natare of the pattern, itis important to understand that 
it is created by the movement of a single spot ; each of 
the lines, no matter how many appear upon the screen, 
is traced by a single spot in motion, and the resultant 
pattern is due to the recurrent tracing of that path by 
the moving spot. 

Any type of a-c voltage, applied to the two sets of 
plates, may be displayed on the screen. They can be 
sine waves or distorted waves, modulated waves or un- 
modulated waves, The only limitations imposed relate 
to the ability of the amplifiers within the oscillograph 
to pass or amplify the voltage at the frequencies of 
these waves, Simple patterns appear when simple 
waves are placed upon the respective plates, and when 
they bear some simple frequency relation to each other. 
If the nature of the voltages applied to both sets, or to 
one set of plates, is complex, due to distortion or modu- 
lation, the resultant pattern will show the complexity 
of the voltages. In Chapter 9, "Linear Time Bases," 
the basic graphical analysis of a-c voltages on both sets 
of deflection plates was already considered, where one 
voltage was a sawtooth waveform. 






Lissajous Figures 


‘When a point, or spot on the oscilloscope, undergoes 
two simple harmonic motions, which at any one instant 
of time are at right angles to each other, the resultant 
‘movement of this point or spot traces out a curve which 
is called a Lissajous figure Such patterns are very 
important because they are extremely useful in meas- 
urements of relative phase and frequency relations be- 
tween two a-c signals. If the phase, frequency, or am- 
plitude of either or both signals is changed, the result- 
ing Lissajous figure will also change. 

Phase measurements are usually made when the 
frequencies of the two input a-c signals are equal to 
each other. Therefore, Lissajous figures that result 


3Called thus after a French professor of the same name who 
fap, See ca Sr i IS ye of fra of 
light and two plane mirrors at to each 
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from a phase difference between two input signals of 
the same frequency are often referred to as phase- 
difference patterns. When the frequencies of the input 
signals are not a 1:1 ratio, Lissajous figures are gen- 
rally used for frequency measurements. 

From this brief introduction to Lissajous figures, we 
‘see that they are used to measure both phase and fre- 
quency. In this chapter we will study various types of 
Lissajous figures under different conditions of phase 
and frequency. We will first analyze the resulting 
curves theoretically by graphical construction and then 
show some actual oscillographic waveforms. Phase 
measurements will be studied first, and afterward, 
various methods of frequency measurements will be 
considered. In most examples illustrated, the input 
a-c signals will be sinusoidal. 

In order to understand how the spot traces out a 
pattern when an a-c voltage is applied to both sets of 
deflection plates, we will study the very simple situa- 


tion where both a-c signals are in phase with each 
other, and of the same amplitude and frequency. In 
the examples to follow, only one cycle of each applied 
signal will be used in the illustrations. 


Two InPhase Sine Waves Equal in Frequency 

The drawings of Fig. 12-1 are a graphical analysis, 
similar to that in Chapter 9, how the spot moves in 
relation to the two applied a-c voltages. Part (A) is 
the sine-wave input to the vertical-deflection plates 
part (B) is the sine-wave input to the horizontal- 
deflection plates. Part (C) shows the spot displace- 
ment for the individual sine waves, when each signal 
is considered as acting alone. From parts (A) and (B) 
of the drawing, we can tell by the direction in which 
the signal is traveling (i.e. orientation of time axis) 
that they are in phase with each other. 

The numbered spots along the vertical axis of part 
(C) correspond to those same numbers indicated on 
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the sine wave at part (A). Similarly the numbered 
spots along the horizontal of part (C) correspond to 
those same numbers indicated on the sine wave at part. 
(B). The direction of the dashed arrows from each 
sine wave lines up with their respective spot positions. 
in part (C). Each spot of part (C), with the excep- 
tion of those that occur during the zero and peak points 
of the sine waves, has two numbers indicating that the 
sine wave passes through that point twice during each 
cycle. The zero voltage spot has three numbers because. 
each sine wave reaches zero voltage three times in each 
cycle. The peak points of each wave are, however, only. 
represented by one number, because each sine wave 
passes through a single positive and negative peak 
during one cycle. The time interval between each point 
is uniform and the same for each alternating voltage. 
‘You will notice that, with the exception of the zero 
voltage markings, only odd numbers are indicated. The 
even numbers, although understood to exist, were 
‘omitted for the purpose of making the drawing clearer. 

Before we analyze the formation of the actual pat- 
tern, let us for a moment consider the action of the spot 
when under the individual influence of either input 
signal. We will first consider the input to the vertical- 
deflection plates without any signal on the horizontal- 
deflection plates, Under this condition, a vertical line 
will appear on the screen. Let us see how this comes 
about by considering what happens during each quar- 
ter-cycle of vertical signal input. 


e 


Fig 12:2 Simple vector diagrams illustrating the move- 
ment of the spot for one cycle of sine-wave input 
gl ene wih a Ча а (AY for verted dodo and tat at 


Before any signal input is applied to the vertical- 
deflection plates, the spot remains stationary in the 
center of the screen. For the first quarter-cycle the 
voltage of the signal rises from zero to positive 
maximum. This means that the spot will rise vertically 
from the center of the screen. This rise is indicated by 
line OA in Fig. 12-2A. For the next quarter-cycle of 
the sine wave, from 90° to 180°, the voltage decreases 





from positive maximum to zero, This means that the 
spot will fall from maximum back to the zero point, 
as indicated by the vertical line AO in Fig. 12-2A. 

Although lines OA and AO in the drawing are 
shown as separate, actually the spot traverses the same 
points in rising to a maximum and then decreasing to 
zero, The two separate lines are drawn merely for the 
sake of illustration, but should be considered as being 
two coincident lines. This coincidence of lines should 
also be understood to exist in the rest of the analysis. 

For the third quarter-cycle, from 180° to 270°, 
sine-wave voltage decreases from zero to a negative 
maximum, The spot will, therefore, fall vertically from 
its center point and will trace out line OB as seen in 
Fig. 12-2A. For the remainder of the sine wave, the 
voltage increases from the negative maximum to zero 
again, which means that the spot rises once more but 
this time traces out line BO in Fig. 12-2A. 

With a sine-wave input to the horizontal-deflection 
plates and with no signal on the vertical plates, only a 
horizontal line will be evident. (If the frequency of the 
sine wave is low enough, one half-cycle or less, one can 
actually see the movement of the spot tracing out the 
horizontal line.) The action of this signal on the hori- 
zontal-deflection plates for each quarter-cycle is simi- 
lar to that just described for the vertical plates alone 
and is illustrated in Fig. 12-2B. Line OC is for the first 
quarter-cycle, line CO for the second quarter-cycle, 
line OD for the third quarter-cycle, and finally line DO 
for the last quarter-cycle. Actually, the line from C to 
O to D coincides with that from D to O to C. 

In Fig. 12-3, we have illustrated what the final pat- 
tern will be when both input signals are applied simul- 
taneously. Let us analyze this drawing in conjunction 
with those of Fig, 12-1 and see how this pattern is 
formed. Initially the spot remains in the center of the 
screen, indicated as point 0-0 in Fig. 12-3, and, after 
the passing of the first time interval, both the vertical 
and horizontal fields have a deflection of one unit. This 
positions the spot at 1-1 in Fig, 12-3. As time passes, 
the voltage of each wave increases, as they are in phase, 
and the resultant spot displacement is shown for each 
time interval with the corresponding numbers indi 
cated as 3-3, 5-5, and 7-7, in Fig. 12-3. Both waves now 
have reached their peak amplitude on the rising half of. 
the first alternation. Now they both decrease in ampli- 
tude at a constant rate and the spot positions pass 
through the same points as before, since the time inter- 
val is the same. 

In Fig. 12-3, these spots are indicated by numbers. 
to correspond with those of Fig. 12-1, and are shown 
as 9-9, 11-11, 13-13, and 14-14, which is again zero. 
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Fig. 12-3.—The simultaneous application of both deflection. 
oligos produces the straight Se shown bere. 


‘The positioning of the spots in this quadrant is due to 
the relative polarity of the plates as a result of the volt- 
ages applied. 

In normal practice, the quadrant in the upper right- 
hand side of the drawing is referred to as quadrant I, 
and the others correspondingly become quadrants II, 
III, and IV in the counterclockwise direction from 
quadrant I. The horizontal axis to the right of the 
vertical line is considered positive and that to the left 
negative; also, the vertical axis above the horizontal 
line is positive and below it negative. Therefore, for 
the spot to fall in quadrant I, both instantaneous volt- 
ages must be positive. To fall in quadrant II, the 
voltage causing vertical displacement must be posi- 
tive and that causing horizontal displacement must be 
negative, For quadrant III, both voltages must be 
negative, and for quadrant IV, the horizontal-defiec- 
tion voltage must be positive and the vertical-defection. 
voltage negative, With this in mind, let us continue the 
analysis relative to the second half-cycle of the signal 





‘Asa result of the polarity of the respective vertical: 
and horizontal-deflection plates, the spot becomes posi- 
tioned in quadrant IIT during this latter half-cycle of 
applied signals. The change in amplitude during the 
first quarter of the negative half-cycle causes individ- 
ual displacements equal to amplitudes indicated by 
numbers 15, 17, 19, and 21 in the vertical direction, and 
amplitudes indicated аз 15, 17, 19, and 21 in the hori- 
zontal direction (See Fig. 12-1C). The resultant spot 
positions are 15-15, 17-17, 19-19, and 21-21 in Fig. 





12-3. During the last half of the negative half-cyde, the 
vertical and horizontal amplitudes increase toward 
zero voltage, and they cause resultant displacement of 
the spot throuh positions 23-23, 25-25, 27-27, and 
28-28 in Fig. 12-3. As is evident, the result is a diago- 
nal line of spots. Since these two voltages are actually 
continuous, instead of a number of spots, the result is 
an image which is a straight line. 

A pattern of this type indicates certain definite con- 
ditions. First, the frequency of the two voltages ap- 
plied to the vertical and horizontal plates is identical, 
And second, they are exactly in phase with each oth 
In other words, the instantaneous values of the two 
voltages are exactly alike with respect to time. A pat- 
tern of this type is independent of frequency. That is 
to say, this would be the pattern for any frequency, 
provided that both voltages were of the same frequency 
and exactly in phase. (Two voltages, two currents, or 
a voltage and a current are said to be in phase if they 
pass through their maximum and zero points in the 
same direction at the same time.) 








signals on the sot at айыы 


firet quarter-cycie. Vector OE is the resultant due to 
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the addition of vectors OA and OC. This latter vector 
indicates the direction of spot travel (note arrow) 
which is away from the origin. For the second quarter- 
cycle, the individual vertical and horizontal spot dis- 
placements return to their original starting position. 
This is shown by respective vectors AO and CO in 
part (B), the combined action of which produces re- 
sultant vector FO. Note the direction of travel of this 
resultant vector and that it is coincident with the 
resultant vector of part (A), but in an opposite direc- 
tion. 

Vertical vector OB and horizontal vector OD in Fig. 
12-4C indicate the individual spot positions for the 
third quarter-cycle (i.e., the beginning of the second 
halí-cycle). Vector OG is the resultant of these latter 
two vectors and shows that the spot travels from the 
origin to point G, continuing in the same straight line 
established by the action on the spot during the pre- 
vious half-cycles. For the final quarter-cycle, the spot 
traces back on the same path as for the third quarter- 
cycle. This is illustrated in part (D), where vectors 
BO and DO are the individual vertical and horizontal 
displacements and vector HO is the resultant of the 
addition of vectors BO and DO. Note that the direc- 
tion of vector HO is headed toward the origin, point 
O, as compared to vector OG of part (C) which is 
directed away from the origin. 

For the purpose of comparison, oscillographic wave- 
forms duplicating the conditions of Figs. 12-1 and 12-3 
were photographed and the photos rearranged to con- 
form to the previous graphical illustrations. These 
photos are shown in Fig. 12-5 where (A) and (B) are 

















the vertical- and horizontal-deflection voltages, respec- 
tively, and part (C) is the resultant pattern, 

The relationship between the axes (horizontal and 
vertical) and the resultant pattern, when the frequency 
and amplitudes of the two input signals are equal and 
in phase, can be photographically illustrated by a single 
picture. This photo is shown in Fig. 12-6A and is the 
result of a triple exposure. The photo was made in the 
following manner. 


"PA 


(A) (В) 








Fig. 12.6—The strai images shown in relation to ita 
horizontal and vertical axes at (A) and the image without 
the axes at (B). 








With the sine waves applied to the vertical and hor 
zontal input terminals of the oscilloscope, the gain of 
the vertical section is first reduced to zero ; hence only 
the horizontal signal is effective and causes the hori- 
zontal or X-axis to appear on the screen, (‘The point 
where the horizontal gain control is left should be ге- 
corded.) This axis is then photographed and the film 
kept in place. Next the horizontal gain is reduced to 
zero and the vertical gain is increased, so that only the 
vertical or Y-axis appears on the screen. The vertical 
gain is increased to the point where the length of the 
vertical axis is made the same as that of the horizontal 
axis previously photographed. With this vertical axis 
established, the shutter of the camera is snapped once 
again, using the same film. 

Thus far we see that, on one film, we have a double 
exposure illustrating the horizontal and vertical axes, 
and the same film remains as is for another exposure. 
For this third exposure, for the resultant pattern, the 
vertical gain control remains where it is and the hori- 
zontal gain control is increased to its previous position. 
With both input signals effective, the resultant phase- 
difference pattern appears upon the screen and is then 
photographed as the third exposure. 

If the vector diagrams of Fig. 12-4 were superim- 
posed over each other, the resultant diagram would be 
the same as Fig. 12-6A. Measurements of this latter 
figure will readily confirm the geometrical construc- 
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tion of the vector diagrams. The pattern in part (B) 
of Fig. 12-6 is the resultant phase-difference diagram 
without the axes. This photo was taken on the same 
film negative as Fig. 12-6A, but at a different part of 
the negative so that it would not interfere with that in 
part (A). Therefore, the single film negative was 
actually exposed four times. 

In the remainder of this discussion on phase differ- 
ences, a number of such patterns as Fig. 12-6A, in- 
cluding the horizontal and vertical axes, will be shown 
in conjunction with a resultant phase pattern. It should 
be remembered that these photos are triple exposures, 
all taken in the same manner as that just described. 

From the analysis of Figs. 12-1 through 12-4 thus 
far, we find that when the two input signals are equal 
in frequency and amplitude, and when they are in phase. 
with each other, the resultant image is a diagonal 
straight line, bisecting the angles of quadrants I and 
III, This bisection is obtained because the amplitudes 
of the two deflection voltages, and hence the deflection 
fields, are the same. Try to visualize the horizontal 
deflection reduced from that which is shown in the 
previous drawings, while the vertical amplitude re- 
mains constant. What would happen? Since the ver- 
tical amplitude would remain the same while the hori- 
zontal displacement would be less, the straight-line 
image would tend to approach the vertical reference 








(A) (B) 


Fig. 12-7—When the in-phase horizontal-deffection voltage 
is reduced, the resultant straight-line image with and without 
its axes appears in (A) and (B) respectively. 








line or Y-axis. This is proven by actual oscillograms 
as shown in Fig. 12-7, where part (A) indicates the 
resultant pattern influding the axis and part (B) the 
pattern without the axis, Note that the angle between 
the vertical axis and resultant image is much smaller 
than the angle between the image and horizontal axis. 
If the horizontal deflection is continually decreased, 
the resultant pattern will gradually approach the ver- 
tical line until, when the horizontal defection becomes 
zero, the image is a straight line along the vertical or 
Y-axis, 
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(A) (B) 


Fig. 12-8—When the vertical-defection voltage is reduced 
the patterns indicated bere resi " 


If the reverse were true, that is, if the strength of the 
horizontal deflection were maintained constant and the 
vertical deflection were decreased, the straight-line 
image would tend to move toward the horizontal or 
X-axis, until, when the vertical deflection would be 
zero, the pattern would be a straight line along the 
horizontal axis. Examine the patterns of Fig, 12- 
These oscillograms illustrate a case where the sine 
wave causing vertical deflection is less than that caus 
ing horizontal deflection, That at (A) is the triple ex- 
posure, while that at (B) is the resultant pattern with- 
out the axes. 

In practice, variation of the horizontal or vertical 
amplitude or gain controls of the oscilloscope rotates 
the pattern around the zero point. The exact position 
of the single-line pattern as it appears in quadrants I 
and IIT is not of great importance, for it indicates a 
zero phase difference as long as the pattern is a single 
line and is the result of the presence of both deflection 
fields, The exact angle that the pattern makes with 
respect to either the horizontal or vertical axis is also 
an indication of the relative amplitudes of the two volt- 
ages applied to the plates. The fact that the image 
single-line pattern lying in quadrants I and III indi- 
cates the zero phase relation between the two voltages. 














Amplifier Considerations 

What has been discussed thus far relative to the 
in-phase relationship between the two input signals for 
producing the straight-line image of Fig. 12-3 only 
holds if the signals are in phase af the deflection plates 
of the cathode-ray tube. It may be possible, however, 
to obtain this straight-line pattern under different con- 
ditions of signal input to the amplifiers of the oscillo- 
scope. If the input signals to the amplifiers are in phase 
with each other and equal in frequency and amplitude, 
and if they have the same amount of vertical and hori- 
zontal amplification, as well as the same type of deflec- 
tion output circuits, then the pattern of Fig. 12-3 will 
result. This is so because both input signals go through 
the same number of amplifying stages and, therefore, 
are subject to the same phase changes, 
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On the other hand, if the input signals to the two 
amplifiers are in phase with each other, but if there are 
an odd number of amplifying stages in the vertical am- 
plifier and an even number in the horizontal amplifier, 
ог vice versa, the vertical- and horizontal-defiection 
voltages at the plates of the cathode-ray tube will no 
longer be in phase with each other. In this particular 
instance, the signals at the deflection plates will be 
180* out of phase with each other. If the input signals 
to the amplifiers, for this case of an odd-even number 
of vertical and horizontal amplifiers, were 180* out of. 
phase, then the resultant signals at the plates of the 
cathode-ray tube would be in phase 

‘The reason that the number of amplifying stages 
plays such an important role is that each stage in- 
herently changes the phase between the input and out- 
put signals by 180°, In oscilloscopes, the amplifying 
stages are normally resistance-capacitance coupled, 
and introduce negligible phase shift. 
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‘The relative number of amplifying stages in each 
section is very important in the analysis of phase and 
frequency measurements, This should be remembered, 
especially for the remainder of this chapter. Whatever 
‘drawings are to follow, the final analysis of the pattern 
on the screen is to be based upon the action of the ver- 
tical- and horizontal-deflection voltages at the deflec- 
tion plates of the cathode-ray tube. 


‘Two Sine Waves 180° Out of Phase 

Let us now consider the opposite situation where the 
signals at deflection plates of the cathode-ray tube are 
180° out of phase with each other. For the case we are 
about to illustrate, we will change the starting time of 
the signal at the horizontal-deflection plates by 1809 
from what it was for the in-phase case of Fig. 12-1. The. 
graphical illustration appears in Fig. 12-9. Part (A) 
is the signal on the vertical plates, part (B) that on the 
horizontal plates, and part (C) the spot displacement 
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Fig. 12-10.—The simultaneous application of both defec- 
tion Voltages of the latter figure produces the straight line as 
indicated. 


for the individual sine waves when each is considered 
acting alone, The amplitude and frequency of these 
sine waves are equal, similar to the previous case. Both 
voltages are divided into the same equal time variations 
as before. 

Both voltage start at zero, but increase in amplitude 
in opposite directions. With the individual spot posi- 
ions as shown in Fig. 12-9C, the resultant pattern is 
as shown in Fig. 12-10, Note that the pattern now 
occupies space in quadrants II and IV. The geometri- 
cal construction of the pattern is along the same lines 
as discussed before. A similar pattern would be ob- 


ine-wave deflection 


out-of-phase 
‘voltages of (A) and (B) produce the. 
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tained if the horizontal voltage had been left intact as 
in Fig. 12-1B and the vertical wave of part (A) had 
been changed through 180°. A phase difference of ex- 
actly 180° is indicated only if the pattern is а single 
line, bisecting quadrants II and IV as shown. Addi- 
tional details concerning the phase relation indicated 
by such patterns will be found later in the chapter. 

The waveforms of Figs. 12-9 and 12-10 have been 
duplicated on an oscilloscope and the resulting traces 
photographed. These photos have been arranged to 
conform to Figs, 12-9 and 12-10, and are illustrated in 
Fig. 12-11. Parts (A) and (B) are the sine-wave ver- 
tical- and horizontal-deflection voltages, respectively, 
and part (C) is the resultant straight-line image, 








(А) (В) 





Fig. 12-12—The straight-line image resulting, from two 
sine waves 180° out of phase but of equal amplitude is shown 
at (A) with its axes and at (B) without its axes. 


(A) (B) 


ig. 12-13. Similar to Fig, 12-12 except that the horizontal- 
ion voltage is reduced. 











Fig. 12-13.— Similar to Fig. 12-12 except that the horizontal. 
defection voltage is reduced. 


Let us examine some oscillograms illustrating the 
180° phase patterns for different amplitude relation- 
ships between the vertical and horizontal input signals. 
Figs. 12-12, 12-13, and 12-14, part (A) illustrate the 
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pattern with both axes shown, while part (B) is the 
same resultant pattern without the axes. For Fig. 
12-12, the amplitudes of both input signals are equal, 
which is evident from the diagonal line bisecting the 
angle formed by quadrants II and IV. 

For Fig. 12-13, the amplitude of the horizontal input 
is less than that of the vertical input. This is immedi- 
ately evident by comparing the lengths of the axes. Also 
note that the angle between the resultant pattern and 
the vertical or Y-axis, is smaller than that formed be- 
tween the pattern and the horizontal or X-axis. The 
pattern that results when the vertical input signal is 
less than the horizontal appears in Fig. 12-14. Compare 
the lengths of the axes and the angles between the 
image and axes in this figure with those of Fig. 12-13. 

The phase relation between two voltages applied to 
the vertical and horizontal plates, respectively, is not 
limited to 0° or 180°. Any phase difference between 0° 
and 180° can be recognized upon the screen by char- 
acteristic patterns. In connection with phase difference, 
while itis true that the complete cycle of angular rota- 
tion is 360°, certain phase-angle representations ap- 
pear alike, when viewed upon the cathode-ray-tube 
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Fig. 12-15.— Graphical construction showing 
the resltant cirelar pattern when the vertais 
1G, eof the tune frquenc qui in en- 

, are same "^ am 
plitude, but 90° out of phase. 


screen. Phase-difference patterns representative of 
angles between 0° and 90° find their duplicates in pat- 
terns which vary in phase from 270° to 360°. Patterns 
which vary in phase from 90? to 180° find their dupli- 
cates in patterns which vary in phase from 180° to 
270°. In other words, a pattern which indicates a 45° 
phase difference may also be 315° ; a 30° phase differ- 
cence may also be 330° ; a 90° phase difference may also 
be 270° ; and a phase difference of 155° may also be a 
225° phase difference. For ordinary purposes, how- 
ever, in connection with radio receiver, audio ampli- 
fier, and "ham" transmitter adjustments, phase-differ- 
ence observations between 0° and 180° are entirely 
sufficient. 


‘Two Sine Waves 90° Out of Phase 


Let us examine the case where the two sine-wave 
signals are still equal in frequency and amplitude, but. 
the phase relation between them is changed to 90°, 
"Under this condition, a completely different type of 
pattern will result, namely, a circle. In the example to 
e illustrated, the sine wave causing vertical deflection 
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is left, as it was previously, while that causing horizon- 
tal deflection is shifted in phase, so that both signals 
will be 90° (or 270") out of phase. 

‘The graphical construction of this 90? phase-differ- 
ence pattern appears in Fig. 12-15. Parts (A) and (B) 
are the respective vertical- and horizontal-deflection 
voltages and part (C) is the resultant image, which is 
seen to be a circle. Note the phase difference between. 
the sine waves at (A) and (B). The sine wave at (B) 
has its time axis going in the opposite direction than 
that normally shown, but for the case under illustration, 
this does not matter because this single cycle of signal 
is symmetrical about its 180° line. 

You will note that the time reference line for the sine 
waves has been designated in degrees, with the actual 
divisions being at uniform time intervals of 30° each. 
This should make it easier to comprehend the resultant 
movement of the spot through a circle. At each 30° 
line of parts (A) and (B), perpendicular lines (shown 
dashed) are drawn until they touch the sine wave, as 
shown, Since there are 360* in one cycle and the cycle 
is divided into 30* intervals, there will be 12 dividing 
lines. These lines are thus numbered consecutively 
from 1 to 12 in the direction of travel. Those numbered. 
from 1 to 12 for the wave at (B) have primes next to 
them to distinguish them from those of part (A), al- 
though similar numbers of each indicate that the same 
time lapse has occurred for each signal. 

From these points of contact on each sine wave, 
Other perpendicular lines are drawn until they inter- 
sect each other as indicated in the drawing. Those in- 
tersecting lines of the same number actually indicate 
the different spot positions due to the action of both 
deflection fields. With both waves starting out at their 
0° time, we find that the spot traces out points 0- to 
12-12 in consecutive order (in a clockwise direction). 
Points 0-0 and 12-12 are coincident. 

The patterns involved in the geometrical construc- 
tion of Fig. 12-15 have been duplicated on the oscillo- 
scope. These oscillograms are shown in Fig. 12-16 in 
a similar arrangement to the line drawings of Fig. 
12-15. Note how the peak-to-peak amplitudes of the 
sine waves at (A) pnd (B) are equal to each other and 
also to the diameter of the circle at part (C). 

A circular pattern, therefore, denotes a case where 
the two input signals are equal in frequency and in 
amplitude, but have a phase difference of 90°. When 
the amplitudes of the two 90° out-of-phase input sig- 
nals are not equal, however, the resultant pattern is an 
ellipse. Ellipsoidal patterns also result when the input 
signals are equal in frequency, but have a phase differ- 
ence other than 0° or 180°. How, then, can we dis- 














Fig. 12-16.— Photographs, 
Ietratóng the conditions of Fig. 


tinguish between an ellipse indicating a 90° phase 
difference and an ellipse of some other phase rela- 
tionship? The answer hes in the way the ellipse orients 
itself with respect to the axes. 

Graphically speaking, the circular pattern is sym- 
metrical about both the vertical or Y-axis, and the 
horizontal or X-axis. By this we mean that, if you 
could imagine folding the circle about its Y- or X-axis, 
the two halves of the pattern will coincide in each case, 
If only the amplitude relationship between two 90° 
out-of-phase input signals is changed, the ellipse that 
is formed will also be symmetrical about both axes, If 
the phase difference is other than 90° (or 270°), no 
matter what the amplitude relationship, the resulting 
ellipse will not be symmetrical about both axes. 

If you will examine Fig. 12-15 once again, you will 
note that the spot travels in a clockwise direction to 
complete the circle. This is so because input signal 
(A) leads signal (B) by 90°, or (B) lags (A) by 90°. 
Tf either signal (A) or (B) had its relative phase posi- 
tion changed by 180°, both signals would represent a 
phase difference of 90°, but (B) would now lead (A) 
by 90°. A circular pattern would still result, but the 
spot would travel in a counterclockwise direction in 
tracing out the circle. We will say more about the di- 
rection of travel of the spot later on in this chapter. 

The oscillographic waveforms of the following Figs, 
12-17, 12-18, and 12-19 illustrate the resultant pat- 
terns of two 90° out-of-phase signals under different 
amplitude conditions. Of course, the frequency of each 
input signal is the same. As before, in each of the three 
figures, part (A) indicates the pattern with the axes 
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Fig. 12-17.—The circular pattern for the condition of Fig. 
12-16 is shown with both axes at (A); at (B) it appears 
without the axes. 


(A) (8) 





Fig. 12-18.—Where the horizontal-deflection voltage is de- 
creased, the circle becomes an ellipse as indicated. 


(A) (B 





12-19.— Where the signal voltage causing vertical de- 
flection is decreased, the circle once again becomes an ellipse 
but itt a different position, as indicated. 








shown and part (B) without the axes. The circular 
patterns of Fig. 12-17 are for the case where the input 
signals are equal in amplitude. Note that both the X- 
and Y-axes of part (A) are equal. The patterns oí Fig. 
12-18 result when the amplitude of the horizontal- 
deflection voltage is less than that of the vertical- 
deflection voltage. Note that the length of the X-axis 
is smaller than that of the Y-axis. When the amplitude 
of the vertical-deflection signal is less than that of the 
horizontal-deflection signal, the pattern of Fig. 12-19 
results, In this latter photo, the X-axis is larger than 
the Y-axis, Further examination of these last three 
figures readily indicates that the resultant patterns, the 
circle of Fig. 12-17, and the ellipses of Figs. 12-18 and 
12-19, are symmetrical about both the horizontal and 
vertical axes. 





Other Phase Patterns 


Thus far we have seen what the resultant pattern is 
‘when the input signals, which are equal in frequency, 
have a phase difference of either 0°, 90°, 180°, 270°, 
or 360°. If the phase relationship between these two 
input signals is other than these values, the resulting 
pattern will be an ellipse in all instances. An elliptical 
pattern results regardless of the amplitude relation- 
ship between the two input signals. When the two si 
nals have a phase difference anywhere between 0° and 
90°, or between 270° and 360°, the major axis of the 
ellipse? will lie in quadrants I and IIT, If the phase 
difference is between 90° and 180° or between 180° 
and 270°, the major axis of the resulting ellipse will 
lie in quadrants 11 and IV. 

Let us assume two input signals, one on the vertical 
plates and the other on the horizontal plates, such that 
they are equal in frequency and amplitude, and are in 
phase, What would happen to the resultant pattern if 
we were to keep the horizontal input signal as is, and 
just vary the phase of the vertical input signal from 
0° to 360°? The pattern would vary from a straight 
line, bisecting quadrants I and III and would rotate 
in a counterclockwise direction going through ellipses 
of various degrees vf eccentricity, circles, and straight 
lines, until it comes back to its original position. 

‘The graphical analysis of Fig. 12-20 illustrates the 
above conditions. As in the previous diagrams, part 
(A) represents the vertical-deflection voltages, (B) 
the horizontal-deflection voltage, and (C) the resultant. 
images. In this drawing, the horizontal voltage is kept. 
constant and the vertical voltage has its phase varied 
in steps of 30° starting from the in-phase or zero- 
phase-difference position at 41. Sine waves at 42, A3, 
44, A5, A6, and A7 arc shown leading sine wave (B) 
respectively by 30°, 60°, 90°, 120°, 150°, and 180°, 
From this graphical analysis, we can readily see the 
variation of the resultant pattern from C1 to C7. Note 
that, as the pattern rotates from the ellipse at C2 to 
that at C3, the ratio between the lengths of the major 
and minor axes of the ellipse decreases until, at pat- 
tern C4, the ratio becomes equal to unity as the pattern 
becomes a circle. The formation of the patterns is self- 
explanatory, since they are constructed along similar 
lines to the previous drawings. 








In an ellipse, the major axis is the longer axis and extends 
from one extremity to the other and bisects the ellipse longi- 
tudinally. The minor axis, which is the smaller one, is perpen- 
dicular to and bisects the major axis. The major and minor 
axes of an ellipse are always mutually perpendicular. 
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Next to each resultant image in part (C), you will 
see degree markings indicating the phase difference 
that such patterns represent. For instance, a pattern 
the shape of C2 indicates either a 30° or 330° phase 
difference. If you examine the resultant patterns of 
C2 throligh Có, you will note again that, in tracing each 
image, the spot travels in a clockwise direction, This 
occurs because the signals at 42 through A46 lead the 
signal at B by angles less than 180*. If the vertical- 
deflection voltage were advanced from its position at 
A7 which represents a 180* phase difference, in steps 
of 30°, going through 210°, 240°, 270°, 300°, and 
330°, the same patterns would be traced out once 
again. The resulting image at 210° phase difference 
will be the same as that for 150*, and so on, as indi- 
cated in the drawing ; however, for those elliptical and 
circular patterns representing the 210°, 240°, 270°, 
300°, and 330° phase differences, the spot traces out 
the image in a counterclockwise direction. This should 
be understood, although itis not indicated on the draw- 
ing of Fig. 12-20, 

In the above analysis, we can say that the waves at 
part (A) lead the wave at (B) by angles of 0° through 
360°. For those cases where the spot travels in a 
clockwise direction, which i» from 0° to 180°, it i 
that wave (A) leads wave (B) by a certain phase 
difference. In discussing phase differences relative to 
lead and lag, it is common procedure to discuss differ- 
ences in terms less than 180°, Consequently for the 
situation of Fig. 12-20, where the waves at (A) are 
advanced beyond the 180° phase-difference point, that 
is, where the patterns are traced out in a counterclock- 
wise direction, we say that wave (B) leads wave (A) 
by 30°, 60°, 90°, 120°, and 150°, instead of saying 
wave (A) leads wave (B) by 210°, 240°, 270°, 300°, 
and 330°, respectively. 

In Fig. 12-21, line drawings of phase diagrams (in- 
put signals equal in frequency and amplitude) are 
drawn at intervals of 22.5* in order to show how the 
patterns vary at smaller phase differences. The degree 
values underneath each pattern readily indicate the 
possible phase differences represented by such patterns, 
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Oscillograms of Elliptical Patterns 

Now that we have graphically analyzed how the re- 
sultant elliptical pattern is obtained when the phase 
difference is other than 0°, 90°, 180°, or 270°, let us 
study a number of oscillographic waveforms of such 
elliptical patterns, In the following elliptical photos, 
Figs. 12-22 through 12-27, the phase difference is in 
steps of 45*. In part (A) of each drawing, the resultant. 
pattern is indicated in conjunction with the vertical 
and horizontal axes, and for part (B), the resultant 
image appears without the axes, The axes serve as ап 
ideal means of telling the amplitude relationship of the 
two input signals. 

‘The elliptical patterns of Fig. 12-22 indicate a phase 
difference of about 45° (or 315°). Note that the X- 


sae 


(B) 





Fig, 12-22—When the two Ínput signals are equal in fre- 
quency and amplitude and have a 45° or 315" phase differ- 
ence, the elliptical patterns shown here result 


(A) (B) 





Fig. 12-23.—The same phase difference as in Fig. 12-22 but 
he axes of part (A) indicate that the horizontal Input signal 
decreased in amplitude. 
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Fig, 12:24 When, the vertical-defiection, voltage it 


created the elias ef 45" or 313° phase difference 
"he position indicated here. 


and Y-axes are equal to each other which indicates that 
the horizontal and vertical signal inputs have the same 
amplitude. The elliptical pattern for this particular 
phase difference has its major axis bisecting quadrants 
Land III and its minor axis bisecting quadrants IT and 
Iv. 

If the amplitudes are no longer equal, a differently 
shaped ellipse will result, even though the phase differ- 
ence remains the same. The ellipses of Fig. 12-23 also 
represent a phase difference of 45° (or 315°), but the 
amplitude of the horizontal input voltage is now re- 
duced from what it was in Fig. 12-22. The X- and 
Y'-axes of Fig. 12-23A readily indicate. the amplitude. 
relationship. This elliptical pattern tells us that with 
the phase remaining equal and the horizontal-deflec- 
tion voltage decreased, the major axis of the ellipse is 


(A) (B) 


Fig. 12:25.— At a phase difference of 135* or 225* the two 
input signal, which are equal in frequency and amplitude, 
produce the resultant ellipse ax indicated, 
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Fig. 12.26—When only the horizontal-defiection voltage of 
Fig. 12-25 is reduced, the patterns shown here results, 
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Fig. 12-27.—When the vertical-deflection voltage of Fig. 
12:2 is decreased, the patterns shown here result. 
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rotated toward the Y-axis or vertical reference line of 
the co-ordinate system, but still remains in quadrants 
Tand III. 

If the vertical-deflection voltage were reduced in- 
stead of the horizontal voltage, the phase difference still 
remaining the same, the resulting elliptical pattern 
would have its major axis rotated toward the horizon- 
tal reference line on the X-axis. This is indicated in 
Fig. 12-24. 

Let us now make the amplitudes of the two input 
signals equal again, but increase their phase difference 
by about 90° from the former case, which makes the 
phase relation about 135° (or 225°). When this is 
done, the resulting elliptical pattern will be as shown 
in Fig. 12-25. For this photo the major axis of the 
ellipse bisects quadrants II and IV while the minor 
axis bisects quadrants I and III. This is just the oppo- 
12-22, When the horizontal-deflection volt- 
12-25 is reduced, the major axis of the re- 
sulting ellipse will rotate toward the Y-axis, as indi- 
cated in Fig. 12-26, This is a similar situation to that 
of Fig. 12-24, but the major axis of the ellipse of Fig. 
12-26 is rotated in a clockwise direction toward the 
Y-axis, whereas for Fig. 12-24, itis rotated in a coun- 
terclockwise direction. 

When the vertical-deftection voltage is reduced in- 
stead of the horizontal voltage, the resultant ellipse 
takes on the shape illustrated by the photo of Fig. 
12-27. The phase difference is still 135° (or 225°). 
The major axis of the ellipse is oriented toward the 
X-axis and is rotated in the counterclockwise direction 
in reaching the position. 











Calculating the Phase Difference from the Patiem 


We have already shown that, according to the orien- 
tation and shape of 1:1 ratio patterns, a fair idea of the 
phase difference can be obtained. There is a method, 
however, requiring a simple measurement on the pat- 
tern, that will enable us to calculate fairly well what 
the phase difference is. This method is indicated in 
Fig. 12-28 for an ellipse that portrays a phase differ- 
ence of 45? (or 359). 

From this figure, you will note that two distances 
along the --Y-axis are marked off. Distance A repre- 
sents that part of the curve where the ellipse intercepts 
the Y-axis. By drawing a line parallel to the X-axis 
and tangent to the top of the ellipse, the distance B is 
determined by the Y-distance at the place where this 
parallel line crosses the Y-axis. No matter what the 
plates and tlie equations in + represent the input to the 
tance В can never be less than A. 





The phase difference from such patterns is calcu- 
lated by the following formula 


$ (12-1) 


where @ is the angle representing the phase difference 
and A and B are a» indicated in Fig. 12-28. From this 
figure, we find that the ratio of A/B is approximately 
‘equal to 07, and the angle whose sine is equal to this 
value is found to be about 45°. 

Although Fig. 12-28 shows the dimensions taken 
from the +)'-axis, the same measurement of A and B 
would result if they were taken from the ~ Y-axis, For 
the case under discussion, the amplitudes of the two 
put signals are equal, so that the distances from the 
origin point O to each +X and Y intercept are equal. 
Tn like manner any tangent line will produce the same 
distance along any axis to which it is measured. There- 
fore, similar measurements made along either the posi- 
tive or negative X-axis can also be used to determine 
the phase difference. 

If the amplitudes of the two input signals are not 
equal, either the Y- or X-axis can still be used as the 
measuring reference. This is so because the ratio of 
A/B will always remain the same for a particular phase 
difference, regardless of the amplitude relationship of 
the input signals. For any one particular setting of 
amplitudes, the positive and negative Y-axes have the. 
same A and also the same B measurement ; this also 
holds true for measurements along the X-axis, as indi- 
cated in Fig. 12-29. 4 

The ellipse in each part of this drawing is exactly the 
same, each indicating a phase difference of 45° or 
315°, and the amplitude of the horizontal-deflection 
voltage is less than that of the vertical-deflection volt- 
age. Part (A) indicates measurements along the Y- 
‘axis, whereas part (B) indicates measurements along 
the X-axis. For part (A), measurement A1 equals A2 
and B1 equals B2; therefore, A1/B1 = A2/B2. For 
part (B), measurement 43 equals 4¢ and 33 equals 
B4; hence A3/B3 = A4/B4, Even though Al and AZ 
‘are not equal to 43 and A44, and B1 and B2 are not 
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(a) 


fig, 12-2-—Similar method of calculating the phase differ- 
gee the pattern wien the ipu gale are not equal in 
amplitude, 


equal to B3 and B4, the ratios of A1/B1, A2/B2, 
A3/B3, and A4/B4 will all be the same. Consequently, 
we see that either the positive or negative half of the 
X- or Y-axis can be used to determine the phase dif- 
ference, irrespective of the amplitude relationships of 
the two input signals. 

For the pattern of Fig. 12-28 to represent a 45° 
phase difference, the spot has to trace out the ellipse 
in a clockwise direction. If the spot travels in the coun- 
direction, the phase difference will be 
315°, The direction of spot travel and the orientation 
of the major axis of the ellipse are two factors that 
should be known if the exact phase difference is to be 
calculated. Since we already know from the relative 
location of the patterns in the quadrants what the 
phase-difference limits may be, it is, therefore, a simple 
matter to calculate the phase difference from any ellip- 
tical pattern. 

In Fig. 12-30 are shown seven different patterns, 
similar to Fi 
0° to 309%, in steps of 30° each. From 0° to 180°, the 
spot traces each pattern in а clockwise direction, 

















whereas for 180° to 360° each respective pattern is 
traced in a counterclockwise direction. In the above 
patterns, the phase angles are always expressed as 
angles of lead of the vertical-deflection voltage with 
respect to the horizontal-deflection voltage 
phase angle of 300° means that the vertical signal is 
leading the horizontal by 300°, and the pattern will be 
traced in a counterclockwise direction. Although the 
figure shows that, for each case, the phase difference is 
obtained from measurements along the positi 
any other axis could be used and the same phase at 
would result For the sake of illustration, the ampli- 
tudes of the two input signals for all the patterns of 
Fig. 12-30 were assumed to be equal, 

You will note that the ratio of A/B for parts (A) 
and (G) of Fig. 12-30 is equal to zero. The angle 
whose sine is equal to zero is either 0° or 180°. How- 
ever, we have previously indicated that when the slope 
of the straight line is positive (ie. the li 
quadrants I and ПТ) the phase difference is 
fore, the phase differences for Figs. 12-30 (A) and 
(G) are as indicated. You will also note that the 4/B- 
ratio for parts (B) and (F) are both equal to 0.5, Since 
many sine tables only list angles up to 90°, from these 
tables, the angle whose sine is equal to 0. 
as 30°, Actually, the angle whose sine 
can be either 30° or 150°, From our previous knowl- 
edge of the phane-difference limits with regard to the 
orientation of the ellipse, the phase differences would 
be as indicated in the drawing. A similar analysis holds 
true for the patterns of parts (C) and (E) of Fig. 
12.30. 

If the spot traces out the pattern in the counter- 
clockwise direction, the calculation of the phase angle 
is a litle different. Based on this assumption and on 
the knowledge of the orientation of the pattern, as 

























Fig. 12-30—Numerous phase-differ- 
ence patterns and how they are calcu- 
lated from measurements. 
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shown in Fig. 12-30, the phase difference is expressed 
as follows 


кый 
6 = 360' am 9 (12-2) 
where the expression sin" means “the angle whose 
sine is.” In other words, we are subtracting the answer 
of equation (12-1) (sin 8 = 4/B, which can also be 
expressed as 8 — sin~* 4/B) from 360°, The validity 
of equation (12-2) can easily be checked from the 4/B. 
measurements of Fig, 12-30 by substituting them in 
the formula. For phase calculations from such pat- 
terns, it is best to have the image sharply focused (i.e., 
thin lines) and to use a finely divided co-ordinate scale 
for measurements, 

The direction of travel of the spot can be rapidly 
checked by changing the phase relationship of the two 
input signals and noting the direction in which the pat- 
tern changes. The direction of the additional phase 
change must, of course, be known. If the pattern origi- 
nally takes on the shape as illustrated in Fig. 12-30C, 
we do not know whether it represents a 60° or 300° 
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Fig. 12-31. Different types of patterns that result when the. 
horizontal-defection E AE a mi 
deflection voltage a x wave containing only a second 
i fundamental frequency is equal to the 


phase difference, unless we also know the direction of 
spot travel. If we change the phase relationship in a 
known direction, say by adding an additional 30° 
change, a circle will result if the original phase differ- 
ence is 60° (30° + 60° = 90°) or an ellipse smaller 
in area will be produced if the original phase differ- 
ence is 300°, since now the resultant angle is 30° + 
300° = 330°, In other words, we are actually observing 
whether the minor axis increases or decreases. In our 
problem, if it increases, the spot is traveling cloc! 
and the phase difference is 60°, and if it decreases, the 
spot is traveling counterclockwise and the phase differ- 
enceis 330°, 








Other 1:1 Patterns 


What lias been discussed thus far relative to phase 
measurements, with the input voltages equal in fre- 
quency, was only based upon sine-wave signals. When 
either one or both of the input signals are not pure sine 
waves, the resulting patterns differ from straight lines, 
circles, or true ellipses. Let us first study a series of 
patterns where the input signal to the horizontal- 
deflection plates is a sine wave, but where the input to 
the vertical-deflection plates is a complex wave con- 
taining harmonics. 

In Fig. 12-31* appear four different patterns that 
result when the input signal to the Y- or vertical- 
deflection plates also contains a second harmonic in 
addition to the fundamental. The makeup of the input 
signals is indicated underneath each curve. The equa- 
tions in y are for the input to the vertical-deflection 
plates and the equations in x represent the input to the 
horizontal-deflection plates. From these equations, the 
general phase relationship between the x input signal 
and the components of the y input signal can readily 
be seen. The dashed lines indicate what the shape of the 
patterns would be for sine-wave input signals which 
are equal in frequency and amplitude, 

For the pattern in part (A) of Fig. 12-31, both the 
fundamental and second harmonio of the vertical- 
deflection voltage are in phase with the horizontal- 
deflection voltage. The percentage of the second- 
harmonic amplitude compared to that of the funda- 
mental amplitude of tbe y input signal, which is Ays/Ay 
X 100 can be calculated readily from the figure by 
measurement of A, and m, the maximum opening of 
the pattern. We obtain then ٤ 
measurements with the cathode-ray 
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Percentage of second harmonic = 
I т. 100 (123) 
where the symbols are as indicated in Fig. 12-31A. As 
is seen from the figure, 4, is obtained by measuring the 
vertical height of the pattern, while m, and m, are the 
maximum widths of the upper and lower lobes, respec- 
tively. When both signals are in phase, including the 
harmonic of the y signal, m, will be equal to my. 

For the pattern at part (B) of Fig. 12-31, both the 
fondamental and second harmonic of the y input signal 
are in phase with each other, but each is out of phase 
with the x input signal by the angle 8. For the pattern 
of part (C), only the second harmonic of the y-input 
signal is in phase with the «input signal, whereas the 
fundamental of the y-input signal is out of phase with 
the x signal by the angle 8. In part (D) the pattern 
results when the fundamental of the y-input signal is in 
phase, but where its second-harmonic component is out 
of phase by the angle 8, with the -input signal. 

The four patterns of Fig. 12-32 result when the in- 
put signal to the vertical-deflection plates contains only, 
‘a fundamental plus a third harmonic. The phase be- 
tween the fundamental and third harmonic of the y or 
vertical input signal and the x or horizontal input sig- 
nal for parts (A) to (ID) of Fig. 12-32 is the same as 
that for the respective patterns of Fig, 12-31. This can 
easily be verified by examination of the x and y cqua- 


tions for each pattern. 
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Fig. 12-32 Sinilar to Fig. 12-31 except that only a third 
tharmome is contained in the complex vertical-deflection signal, 
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B the vertical-defiection voltage, and C the horizontal-deflection 
‘signals are the same in each grouping. 
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Fig. 12-34.— Various patterns resulti 
ratios where either one or both of the input signals are dis- 
torted. 


from 1:1 frequency 


A general idea of the effect of waveshape and phase 
relation upon the pattern developed is indicated by the 
various drawings of Fig. 12-33. In each of these, A is 
the resultant image, B the vertical-deflection voltage, 
and C the horizontal-deflection voltage. The frequency, 
as well as the amplitude, of each B and C input signal 
is the same. From these patterns, one can gather an 
lea of the resultant patterns, under the conditions 
cited, when the input signals have waveshapes which 
lie between limits represented by sine waves at one 
extreme and rectilinear waveforms at the other limit. 
Each resultant pattern can easily be constructed by a 
graphical analysis similar to that used for Fig. 12-20. 
The patterns of Fig. 12-34 represent conditions 
where either one or both of the input signals to the d. 
flection plates are distorted, but where the frequencies 
of the input signals are equal. Although these 1:1 fre- 
quency-ratio patterns are all shown with some degree 








Fig. 1235.—When tbe bori- 
zontal-defection voltage is a 
square wave and the vertical 
defection i 


ers (A, B) 
crt eer diet pe 





of opening, other 1:1 patterns may take the form of a 
single crooked line to various distorted elliptical 
shapes. For the patterns at (A), (B), and (C) of Fi 
12-34, the input to the horizontal plates is a sine wave, 
while that to the vertical plates is a distorted wave. For 
(A), the frequency of both input signals is 1,000 eps 
while for (B) and (C) both frequencies are 1,500 eps. 
‘The patterns at (D), (E), and (F) were taken where 
both input signals were distorted. 

The three 1:1 ratio patterns of Fig. 12-35 are pro- 
duced when the input signal to the horizontal-deflec- 
tion plates is a (1,500 cps) square wave and the input 
to the vertical-deflection plates is a (1,500 cps) sine 
wave. The pattern at (A) indicates a 0° phase differ- 
ence, that at (B) is said to represent a 90° or 270° 
phase difference, and the pattern at (C) isa 180° phase 
difference. A square pattern effect is obtained for a 90° 
or 270° phase difference, as seen in part (B), when the 
amplitudes of both input signals are equal. 








Determining the Motion of the Spot 


In previous sections, we have seen how important 
it is to know in which direction the spot is traveling in 
order to determine what phase difference is repre- 
sented by the pattern in question, In this section, we 
will study a very simple method that will show us the 
direction of motion of the spot at all times. This method 
involves the use of a special waveform applied to the 
grid of the cathode-ray tube, which will modulate the 
intensity of the electron beam. A number of different 
circuits have been developed by the authors in the 
laboratory of the publisher and each has been found to 
produce satisfying results. In this section, we will study 
this special waveform from the ideal viewpoint and 
then show oscillograms indicating the direction of spot 
travel as produced by one of these circuits, 

If any signal is fed to the grid circuit of a cathode- 
ray tube, it will vary the bias already present on the 
grid and hence modulate the intensity of the electron 
beam. A form of intensity modulation was already 
treated in Chapter 10 under the discussion of blanking. 
If we were to inject a square wave into the grid of a 
cathode-ray tube, it would cause the intensity of the 
electron beam to increase on the positive half-cycles 
and decrease on the negative half-cycles. If the ampli- 
tude of the square wave is strong enough, it may, dur- 
ing its negative half-cycles, drive the grid of the cath- 
ode-ray tube beyond its cutoff region, and thus cause 
‘blanking during these periods. The square wave shown, 
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in Fig. 12-36A has its negative half-cycles greater than ` 
the cutoff bias of the cathode-ray tube and thus will 
cause blanking of the electron beam during these 
periods. 





(в) 


Fig. 12-36.—When the square wave at (A) is fed to the 
grid of a cathode-ray tube which has a circular trace on the 
К." "Н Слон the trae, as indicated 
at (B). 





Assume two sine waves 90° (or 270°) out of phase 
and equal in amplitude and frequency (500 cps each). 
If one is applied to the vertical plates and the other to 
the horizontal plates, the resulting pattern will be a 
circle. If a square wave similar to Fig. 12-36A and at 
a frequency of 5,00 cps is applied to the grid of the 
cathode-ray tube to intensity-modulate the circular 
image, the resultant pattern will appear as shown in 
Fig. 12-36B. From this photograph we see that the 
periods of blanking and those of the traces are approxi- 
mately equal in length and that there are ten periods 
each of blanking and trace. The direction of spot travel 
cannot be determined from the present pattern, how- 
ever. 

The method of determining the direction of spot 
travel is predicated upon the addition of a pulse to the 
= C ded o gren dei ac coo Os 





lagging edge of positive half-cycles of a square wave. 
This is indicated by the ideal waveshape of Fig. 12-37. 
The repetition frequency of the pulse should be the 
same as that of the square wave. Pulse additions are 
only indicated on the positive half-cycles of the square 
wave, but actually any type of addition may be made 
along the negative half-cycles of the square wave. As. 
long as the waveshape during the negative half-cycles 
is always more negative than the cutoff bias, the exact 
form of the waveshape of these negative half-cycles is 
not important. This is so because these portions of the 
signal will always produce blanking. 

If a signal that has positive half-cycles, similar to 
that of Fig, 12-37, is applied to the grid of a cathode- 
ray tube, the resultant pattern will contain alternate 
blanking intervals and traces, as in the pattern of Fig. 
12-36B, but from the shape of the visible parts of the 
pattern, the direction of spot travel is noticed readily. 
Since variation of the grid bias controls the intensity 
of the electron beam, the less negative the grid bias, the 
greater is the intensity, and the more negative the bias, 
the less is the intensity. ( This was indicated in Chapter 
10 under the discussion of the intensity control.) Con- 
sequently, for any one setting of the intensity control, 
those parts of the positive half-cycles of the signal 
shown in Fig. 12-37 from time A to B will produce a 
trace upon the screen at one constant intensity, and 
from time B to C the trace will be at a greater intensity. 
For the negative half-cycles of the signal of Fig. 12-37 
the grid is driven beyond cutoff and blanking occurs. 


} 
{ 
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Fig. 12-37.—A positive pulse of the same frequency as the 
square wave is added to the lagging edge of each cycle of 
square wave. 


ee 


We know that for high intensities of the beam, the 
trace or pattern becomes thicker during such times. 
This means that during the visible portions of the pat- 
tern one end of each individual trace (between blank- 
ing intervals) is thicker than the rest of the trace. If 
the pulse width is small compared to the width of the 
half-cycle of the square wave, as shown in Fig. 12-37, 
the visible portions of the pattern will each appear as a 
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trace with a dot at one end. If the dot is Considered as 
‘an arrow head and the remainder of the trace as the tail 
of the arrow, then we have a ready means of telling the 
direction of spot travel. 
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deflection signal will be intensity- 
modulated as shown. 


Let us now see how the circular pattern changes 
when a signal similar to that of Fig. 12-37 is applied 
to the grid of the cathode-ray tube. The resultant pat- 





tern in question is illustrated in Fig. 12-38. The two _ 


input signals to the deflection plates have the same fre- 
‘quency as before, namely 500 cps, and the frequency of 
the special wave input is 5,000 eps so that there will be 
ten blanking intervals along with ten visible traces of 
the pattern (the same number as in Fig. 12-36B). 
From the resultant pattern of Fig. 12-38 we see that 
the dot or head of each visible trace is oriented in the 
clockwise direction. Since the spot travels in a clock- 
wise direction, the phase difference represented by the 
pattern is undoubtedly 90°. Since we saw previously 
that for angles of lead less than 180° of the vertical- 
with respect to the horizontal-deflection voltage, the 
pattern will be traced in a clockwise direction. 


Fig. 12:9-—The dots on each 
isle trace inthis 1:1 frequency 
Tatio pattern is oriented 
многие ма indi 
‘cating a 270° phase difference. 


For a phase difference of 270°, the spot would travel 
in a counterclockwjse“direction. This is indicated by 


the pattern of Fig. 12-39 which was produced by the 
same conditions as Fig. 12-38, except that one of the 
two input signals was advanced 180° with respect to 
the other. If the input signal to the vertical-deflection 
plates leads that to the horizontal-deftection plates by 
90°, the spot will trace out the circle in a clockwise 
direction. However, if the vertical-defection signal 
lags the horizontal-deflection voltage by 90°, the spot 
will trace out the circle in a counterclockwise direction. 


When we say that a circular pattern represents a phase 
difference of 270°, for the counterclockwise case, we 
mean that the vertical-deflection voltage is leading the 
horizontal-deflection voltage by 270°. This is the same 
as saying that the horizontal input signal leads the ver- 
tical by 90°, and occasionally may be expressed more 
conveniently in this way. 









Fig. 12-40.— The ellipse at (A) can represent either a 45* 
or 315" phase difference but the intensity-modulated pattern 
at (B) Indicates the difference to be 315 


Let us study some more phase patterns which are 
intensity-modulated with the special signal so as to 
determine the direction of spot travel. In Fig. 12-40 
appear two photos, That at (A) is an ellipse which can 
approximately represent either a 45° or 315° phase 
relationship. The pattern at (18) shows the direction 
of spot travel for the pattern at (A) to be counter- 
clockwise, which tells us that the phase difference 
315°. Тһе ellipse of Fig. 12-41A approximately indi- 
cates either a 135° or 225° phase difference and the 
pattern at (B) definitely establishes this phase differ- 
ence to be 135°, because the spot is traveling in a 
clockwise direction. 








ig. 12-41—The ellipse at (A) indicates either a 135° or 
225 phase difference but the intensity-modulated pattern at 
(B) establishes the difference as 135°. 





Thus far we have seen how the pattern looks under 
this special condition of intensity modulation, when 
the spot travels in one direction only and does not trace 
back on itself. We have previously shown, by graphical 
means, that for straight-line phase-difference patterns 
af" and 180° (see Figs. 12-3 and 12-10, petty) 
the spot actually traces over the same pattern twice, * 
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but in opposite directions. On this basis of spot travel, 
the straight line, when intensity-modulated with the 
special waveform, should have dots at both ends of each 
visible trace, This is brought out by the photographs of 
Fig. 12-42. Part (A) of this figure represents a 0° 
phase-difference pattern and part (B) a 180° differ- 
ence, Note that, in both patterns, each trace has a head 
on both ends, indicating that the spot traces each 
straight line twice, but in opposite directions. For this 
particular case, the frequency of the grid-modulating 
signal was eight times that of the input signals, 





12-42. 
straight-line images indicates that the lines are traced out 


With the ability to determine the direction of motion 
of the spot, the teaching of eathode-ray-tube principles, 
relative to beam deflection and patterns portrayed, be- 
comes a very simple matter. By employing special 
waveforms as have been discussed here for intensity 
modulation, the oscilloscope becomes more useful for 
educational and demonstration purposes. The circuits 
that were designed to produce this special waveform 
can be incorporated as an integral part of each oscillo- 
scope or can be used as an auxiliary piece of equipment. 


Stationery Patterns 

Since phase-angle tests are made with a single source 
of voltage, the frequency of the voltage applied to both 
sets of deflection plates must be constant so that the 
phase difference is constant, at whatever value it may 
be. Consequently, the pattern will remain stationary. 
Whether or not the patterns will remain stationary for 
any one condition, o will drift from shape to shape, 
that is, drift from a single line to an ellipse and to a 
circle and reverse, depends upon the frequency stability 
of the input signals. If the frequency of one of the de- 
flection voltages is continuously changing, no matter 
how slight this drift, the pattern will not remain sta- 
tionary. It is going to change its shape continually, be- 
cause the phase relation is continually changing. Nor- 
mally, two signals which bear a certain phase relation to 
‘each other remain in that phase relation as long as their 
relative frequencies and other controlling factors re- 








main constant. The movement of a pattern resulting 
from the application of two frequencies, which are sub- 
stantially identical, takes place at a rate equal to their 
difference frequency. In other words, the rate of change 
of a pattern through the complete 360° cycle is an indi- 
cation of the frequency difference between the two 
frequencies, 


Frequency Comparisons 


From what has been said so far, it is evident that 
these phase patterns are also suitable for frequency 
comparison, In other words, a stationary pattern which 
is a single line, circle, or ellipse, shows that both input 
frequencies are identical, and we say that they have a 
1:1 frequency ratio, If one of the voltages is of known 
frequency and the other unknown, this unknown fre- 
quency may be calibrated against the known by mutual 
adjustment to produce one of the patterns mentioned, 
In this connection, the cathode-ray tube affords an ex- 
cellent and extremely accurate means of comparing 
audio frequencies which normally require very elabo- 
rate and expensive standards, Frequency comparison 
can also be made when the frequency ratio is other than 
1:1. Regardless of the frequency relationship, the re- 
sulting pattern is always known as a Lissajous figure. 
For the pattern to be stationary, the frequencies to be. 
compared must exhibit a simple integral (whole num- 
ber) relationship with respect to cach other, 

Lissajous patterns can be developed under various 
conditions and they will be of diverse shapes. They may 
be relatively complex or simple, depending upon the 
frequency ratio between the two varying voltages, their 
amplitude and phase relations, waveshape, and respec- 
tive modulation. As a general rule, when used for the 
purposes of frequency comparison, the known signal 
is secured froma sine-wave oscillator, so that a certain 
‘expected type of pattern is usually developed. 

We have shown both by geometrical analysis and 
practical oscillograms what patterns result from the 
application of two sine waves of equal frequency. Let 
из now see, by similar methods, what the resulting pat- 
tern will be when the input signals have integral fre- 
quency ratios other than the simple 1:1 ratio. In the 
graphical illustrations which follow, the input signals. 
will again be sine waves. The signals in question can 
either be fed through the vertical and horizontal ampli- 
fiers of the oscilloscope, through external amplifiers, 
ог applied directly to the deflection plates of the cath- 
ode-ray tube. In the latter case, the signals have to be 
strong enough to produce a suitable deflection of the 
beam. Whatever system is actually used, the relative 
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phase difference and amplitude relationship between 
the two input signals will be assumed to exist directly 
at the deflection plates in the following discussion, 


A 1:1 Lissajous Pattern — 
(0° and 180° Phase Difference 


The first illustration will be for a frequency rela- 
tionship of 2:1. Let us discuss the case where the input 
signal to the vertical-deflection plates is twice the hori- 
zontal input frequency. For the sake of illustration, 
both signals have equal amplitudes and are in phase. 
The geometrical drawing of Fig. 12-43 is constructed 
similarly to that shown for the 1:1 ratios. The exact 
frequencies are of no importance for this discussion, 
as long as they fall within the frequency response of 
the oscilloscope amplifiers. 














Fig. 12-43. — Graphical 
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‘The sine wave at (A) is the vertical-deflection volt- 
age, that at (B) the horizontal-deflection voltage, and 
that at (C) the resultant image. The numbers on the 
resultant pattern correspond to those on each sine 
wave. The two-cycle sine wave at (A) is divided into 
24 equal time segments of 30° each, and in order to 
divide the sine^wave at (B) into the same number of 
segments, each segment for this single cycle is 15° 
apart, Thus we see that every time the vertical input 
signal advances by 30°, the horizontal input signal ad- 
vances by exactly half that amount, namely by 15°. 
The resultant pattern is, as you will see, inthe shape 
of a symmetrical igure eight horizontally situated. We 
want to call to your attention once again that the pat- 
tern is made by a single spot which moves through 
these various positions. The fact that the image ap- 


pears as a stationary pattern is due to the repeated 
‘movement of the spot through the same positions, The 
pattern is completely symmetrical about both the hori- 
zontal and vertical axes, Tangents drawn to each side 
‘would produce a square, because the amplitudes of the 
deflection voltages are equal. If the vertical-deflection 
voltage were greater than the horizontal-defection 
voltage, the height of the resultant pattern would in- 
crease and tangents drawn to each side would produce 
a rectangle with a height greater than its width. Con- 
versely, if the horizontal voltage were greater than the 
vertical-defiection voltage, the pattern would widen 
and become flatter. 

From the drawing of Fig. 12-43, both input signals 
are in phase and the spot traces out the resultant pat- 
tern in the direction of increasing numbers, Thus the 
spot moves from the origin into quadrant I and con- 
tinues around the pattern as shown, If the phase of the 
input signal to the horizontal-deflection plates were 
advanced 180°, exactly the same pattern would result 
and the direction of spot travel would also be the same. 

Here we have an unusual case: for two initial phase 
differences, one 0° and the other 180°, the spot travels 
in the same direction and traces out the same shape 
pattern. There are stil further interesting details con- 
cerning the phase relationship between the two input 
signals. In Fig. 12-43, signals (A) and (B) are in 
phase and the voltages of both increase in the positive 
direction from their baselines. However, if the two 
input signals are applied at an instant where both volt- 
ages start increasing in the negative direction, the same 
shape pattern will result, but the spot will be traveling 
in the opposite direction in tracing out this pattern. 
The spot would start traveling from the origin into 
quadrant III, instead of quadrant I. 

If only the vertical-deflection voltage of Fig. 12-43 
were changed, so that it would increase in a negative. 
direction below the baseline, while the horizontal volt- 
age were increasing in the positive direction, once 
again the same pattern would result. The direction of 
spot travel for this case would be the same as for the 
case where the signals both start to increase in the 

The photograph of Fig. 12-44 illustrates a fre- 
quency ratio of 2:1 and is similar to that constructed 
by the graphical analysis of Fig. 12-43. This photo- 
graph was taken, however, with the borizontal-deflec- 
tion voltage being less than the vertical-defection 
voltage. 

Refer to Fig. 12-44B, This pattern is the same a$ 
part (A), except that the special grid waveform has 
been applied to determine the direction of spot travel, 
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12-44.—The Lissajous pattern at (A) is for a 2:1 fre- 
quency ratio and may indicate an initial phase condition of 
either 0° or 180"; the pattern at (B) indicates the phase condi- 
tion to be 180°, 


From this photograph, the direction of spot travel is 
as shown in Fig. 12-43, or where the initial phase of 
the horizontal input voltage is shifted by 180°. 

If the phase relation between the two input signals 
is other than the cases discussed, the pattern for a 2:1 
frequency ratio would be different from that indicated 
in Fig, 12-44A. Let us graphically analyze some of the 
resulting patterns for varying phase conditions, 


Other 2:1 Patterns 


Fig. 12-45 is a series of graphical constructions de- 
picting various Lissajous patterns for a frequency 
relationship of 2:1 under different phase conditions. 
The signals at (A) represent the vertical-deflection 
voltages, those at (B) the horizontal-deflection volt- 
ages, and those at (C) the resultant image. Resultant 
pattern CJ is the same as that for Fig, 12-43 and is in- 
cluded with the others for comparison purposes. The 
degree markings next to each resultant image indicate 
the possible initial phase relations of the vertical-deflec- 
tion voltage to produce the pattern shown; the hori- 
zontal input is kept the same throughout, The con- 
struction was made for input signals of equal ampli- 
tude. 

As the phase relation changes from 0° to 90°, the 
loops of the pattern gradually close (ie., the area en- 
closed by each loop becomes less). At 90°, the loops 
become completely closed as seen from pattern C3 in 
Fig. 12-45. The spot actually traces through this pat- 
tern twice. From 90° to 180°, the pattern opens up 
‘again, At 120°, pattern C2 is repeated again, and at 
180°, pattern C1 is repeated. It is seen that from 0° to 
180° the resultant patterns can be thought of as being 
cup-shaped downward. 








From 180° to 270°, the loops gradually become 
closed again, but the patterns reverse themselves, At 
210° phase relation, the pattern is as shown at C4 in 
Fig. 12-45. At 270°, pattern C5, the loops are com- 
pletely closed ; again, the spot traces this pattern twice, 
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Fig. 12-45—Various 2:1 frequency ratio patterns are shown 
at (C) for different phase conditions between the two input 
signals (A) and (B). 
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Fig. 12-46—A series of 2-1 Lissajous patterns where initial phase angle of the vertical-defection voltage is us shown and 





where the higher-frequency input 1s to the verical-defection plates. 





Fig. 1247 — 
deflection plates produces the series ol 





From 270° to 360* the loops open up again. At 330° 
the pattern becomes the same as that at 210* (see re- 
sultant image C4), and in approaching 360* the pat- 
tern approaches that of C1 again. After 180°, the re- 
sultant patterns may be said to be cup-shaped upward. 

A number of oscillographic waveforms of 2:1 Lissa- 
jous patterns were photographed and are shown in 
Fig. 12-46, The higher-frequency input is to the ver- 
tical-deflection plates, The patterns from (A) to (I) 
indicate increasing initial phase angles for the vertical- 
deflection voltage, while keeping the horizontal input 
unchanged. Note that the patterns at (A), (E), and 
(1) are of the same shape. The patterns at (B) and 
(D) and those at (Е) апа (Н) аге also the same. The 
patterns at (C) and (G) each occur at only one phase. 
ference, namely 90° and 270°, respectively. 

If the signal inputs to the cathode-ray tube were re- 
versed, that is, if the higher-frequency signal were to 
cause the horizontal deflection and the lower-frequency 
signal the vertical defection, the resulting patterns 
‘would be similar to those of Fig. 12-46, but they would 
be turned through 90° in the clockwise direction. The 
nine photos of Fig. 12-47 indicate various patterns 
when the horizontal input signal is twice the frequency 
of the vertical input signal. The initial phase of the 
horizontal voltage for a constant vertical input voltage 
is marked underneath each photo. The phase relations 
for the photos from (A) to (I) of Fig. 12-47 were 
chosen to be the same as those of parts (A) to (I) of 
Fig. 12-46, respectively. 

Before we discuss the method of determining the 
frequency relationship from the patterns, let us study, 
by similar geometrical construction, the type of pał- 
terns formed when the frequency ratio is 3:1. 








eeping all conditions producing the patterns of, Fig. 12-46 the same but only reversing the input signals to the 
2.1 Lissajous patterns shown bere. , 


3:1 Lissajous Patierns 


In the analysis to follow, the frequency of the signal 
input to the vertical-deflection plates is three times as. 
great as the signal input to the horizontal-deflection 
plates. The construction is shown in Fig. 12-48, Part 
(A) is the vertical-deflection voltage, part (B) the 
horizontal-deflection voltage, and part (C) the re- 
sultant image. The initial phase of signal (A) is 90° 
because it starts at a maximum positive voltage, where- 
as signal (B) has an initial phase angle of 180*, be- 
cause it starts at a zero voltage and increases in the 
negative direction. 

This departs from our previous practice of starting 
both the borizontal- and vertical-defection voltages in 
the positive direction from the baseline, but it will serve 
to bring out the fact that the same resultant patterns 
will be produced, no matter what the initial phase 
angles are. If (B) were increasing in the positive direc 
tion, the same pattern would result, but it would be 
traced out in the opposite direction, as is easily seen 
from the figure. 

‘The pattern is constructed in the same manner as 
the previous examples. Both vertical- and horizontal- 
deflection voltages are divided into the same equal time 
intervals. To develop the pattern, the spot is positioned 
asa result of the amplitude displacement of both waves. 
These spot positions are indicated by the same num- 
bers for each wave. For the case illustrated, the ampli- 
tudes of both signals are equal. Thus tangents drawn 
around the resulting pattern would form a square. If 
the horizontal-defection voltage were greater than the 
vertical voltage, the height of the pattern would be 
larger than the width Conversely, if the -vertical- 
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Fag. 12-48 —Graphical construction of a 3:1 Lis- 
sajous pattern 
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deflection voltage were greater, the width of the result- 
ing pattern would be larger than the height. Note that 
the pattern contains three loops. 

For comparison purposes, the input signals and the 
Lissajous pattern of Fig. 12-48 were reproduced on the 
‘oscilloscope and then photographed. The resulting 
oscillograms were arranged to conform to that of Fig. 
12-48 and are illustrated in Fig. 12-49, Parts (A), 
(B), and (C) of Figs 12-48 and 12-49 are the same. 
Tf the starting phase of either input signal (A) or (B) 
of both figures were shifted by 180°, the resultant pat- 
tern would still be the same. 

It should be remembered that these phase angles 
mentioned for Lissajous patterns greater than a 1:1 
ratio are only relative to the initial starting conditions 
cf the two input signals as shown graphically. Actually, 
to speak of a “phase difference” between two signals 
of different frequencies is not meaningful, since the 
relative phase will not be the same at every instant of 


та, 1240. Азы око. 
grams proving the 3.1 Lissajous 
ical construction of Fig 
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time. To repeat, the stipulated phase relations in Fig. 
12-48 mean that signal (A) starts out at a maximum 
positive amplitude at the time signal (B) starts out at 
zero voltage. Whether signal (B) starts to increase in 
the positive or negative direction makes no difference 
in the final shape of the pattern; all it means is that the 
spot travels in opposite directions in tracing out the 
pattern, 

In Fig. 12-50 appears another graphical analysis of 
2 3:1 frequency ratio, but in this case, the higher-fre- 
quency vertical input signal (A) and also the horizon- 
tal input (B) both start out at zero voltage; however, 
signal (B) has an initial phase angle of 180°. If both 
input signals were shifted in initial phase by 180°, the 
same pattern would result. If only one of the input 
signals were shifted in its starting phase by 180°, 
different pattern would result because, although both 
signals would start out at zero voltage, they would 
increase in the same direction. In this latter instance, 
the pattern will be reversed; that is, instead of the 








(C) RESULTANT IMAGE 
2 


peaks of the pattern in Fig. 12-50C being in quadrants 
TI and IV, they will be in quadrants I and IIT. 

‘The transition from the pattern of Fig. 12-48 to that 
of Fig. 12-50 occurs in the time required for the verti- 
cal-deflection signal to shift in phase by 90° in the lag- 
ging direction or 270° in the leading direction. The two 
Lissajous patterns illustrated in Fig, 12-48 and Fig. 
12-50 represent the extreme changes in shape possible 
for 3:1 frequency ratios. As the starting phase of one 
input signal varies (in our illustrations it is the verti- 
cal-deflection signal), the loops of the resultant image 
of Fig. 12-48C start to close until at Fig. 12-50C they 
are completely closed, 

To comprehend properly such Lissajous figures, it 
is necessary to imagine the pattern of Fig. 12-48C 
traveling around a transparent glass cylinder, through 
which the front and rear patterns are both visible, The 
view obtained is the elevation or side view. At certain 
time intervals of the moving pattern, some parts of the 
pattern would be directly behind each other, and, there- 
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the higher-frequency input signal. 
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Fig. 12-51—A series of 3:1 Lissajous patterns for different initial phase conditions of the vertical-deflection voltage which is 
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12-52.— When the horizontal-deflection voltage is the higher-frequency signal, the 3:1 Lissajous patterns of Fig. 12-51 


change to those shown here. 


fore, would not be visible, This is also true for the 2:1 
Lissajous patterns previously discussed, as well as for 
all other ratios. 

In Fig. 12-51 appear a series of Lissajous patterns, 
each indicating a 3:1 frequency ratio with the vertical- 
deflection signal being the higher frequency. These 
photos indicate, in progressive fashion, how the pat- 
tern changes when the vertical-deflection voltage 
changes its initial phase from 0° to 360° with respect 
to a starting position of zero, and the amplitude in- 
creasing in the positive direction from the baseline. The 
horizontal-deflection voltage is assumed to be in the 
same starting position (0° initial phase), and is not 
changed, while the phase of the vertical voltage is 
varied through 360°. The phase change is in approxi- 
mate steps of 45° as indicated under each photo. Note 
that patterns (A) and (1) are the same, (B) and (H) 
are the same, (C) and (G) are the same, (D) and (F) 
are the same, and that only (E) has no duplicate. Since 
360° coincides with 0°, pattern (A) is really also 
unique. 

If the higher-frequency input signal were impressed 
across the horizontal-deflection plates, the resulting 
3:1 ratio patterns of Fig. 12-51 would be repeated, but 
they would again be rotated clockwise through 90°. 
This is indicated by the Lissajous patterns of Fig. 
12-52. Parts (A) to (I) of this drawing are counter- 
parts of the same letters and initial phase angles of 
Fig. 12-51. 








3:2 Lissajous Patterns 


Thus far we have studied Lissajous patterns of 2:1 
and 3:1 frequency ratios. The same patterns will also 
result if the ratios are 4:2 or 6:2 respectively, because 
each of these latter ratios can be simplified to the 





former. In such ratios as these, one frequency is an in- 
tegral multiple of the other. Let us now study some 
Lissajous patterns where one frequency is not an in- 
tegral multiple of the other. Thus if the higher fre- 
quency is expressed as the numerator and the lower 
frequency as the denominator, the resulting ratio will 
always be fractional and cannot be expressed as a 
whole number. 





(A) SIGNAL ON VERTICAL 
DEFLECTION PLATES 


(B) SIGNAL ON HORIZONTAL 
DEFLECTION PLATES 


Fig. 12-53—A 3:2 Lissajous 
pattern construction. 


In Fig. 12-53 appears a graphical construction of a 
3:2 Lissajous pattern. In the case under illustration, 
(A) is the vertical-defiection voltage and is the higher- 
frequency signal, (B) is the horizontal-deflection volt- 
age, and (C) is the resultant pattern. The relative 
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phase position is such that the signal at (A) is initially 
leading that at (B) by 90°. The construction is along 
the same lines as those of the previous drawings. The 
time axis for each input signal is divided into 24 equal 
segments and indicated by the same numbers. 


wes 





Fig. 12-54.—Pattern (A) is an oscillogram indicating 
io but for different initial phase conditions between 
wo input signals, 


The resultant pattern is completely “opened.” By 
changing the initial phase of either signal by an appro- 
priate amount, the spot can be made to trace back on 
itself so that the resulting pattern will actually consist 
of two coincident lines (as was the case for Figs. 
1246C and G, and 12-51A and E.) In Fig. 12-54 
appear two oscillograms of patterns depicting 3:2 fre- 
quency ratios. That at (A) is produced by the input 
signals as shown in Fig. 12-53. That at (B) results 
when the horizontal input signal of Fig. 12-53 is 
shifted in phase by 90° (in a leading direction). This 
latter photo consists of two coincident lines, because 
the spot traces the pattern twice in opposite directions. 








Classification of Lissajous Patterns 


From the analysis of Lissajous patterns (based on 
sine-wave input) thus far, we can classify the patterns 
and make some generalizations. We do know that it 
is the initial phase of the two input signals that deter- 
mines the final shape of the pattern. We also know that 
in shifting the phase of one signal, keeping the other 
stationary, we can change the pattern consisting of 
completed loops, such as those of Figs. 12-46A and B, 
12-51B and C, ang, 12-54A, to those in which the pat- 
tern is actually a double image appearing as а single 
line. The latter types of patterns, which consist of two 
coincident lines, are represented by the photos of Figs. 
12-46C and С, 12-51A and E, and 12-54B. The double- 
image patterns are often classified as uncompleted loop 
or closed patterns. 

In those double-image or uncompleted loop pat- 
terns where the higher frequency is an integral mul- 
tiple of the lower frequency (ie, 2:1, 3:1, 4:1, 5:1, 





ete.), there are no intersecting lines and hence no 
completed loops (See Figs. 12-46C and Gand 12-51 A 
and E). In those double-image patterns, where the 
frequency ratio in its simplest form is represented as a 
fractional equivalent (ie., 3:2, 4:3, 5:2, 5:3,6:5, ete.), 
the patterns will consist of some loops (ie., there will 
be intersecting lines), but there will also be uncom- 
pleted loops. This latter type of double-image pattern 
is represented by the 3:2 Lissajous figure of Fig. 
12-54B. Note that this latter image has one completed 
loop and two "free" or dangling ends. Actually these. 
ends are not really “free,” since in tracing the pattern, 
the spot arriving at one of these end points retraces its 
path in the opposite direction, thus completing the 
loops; however, the end points appear to be uncon- 
nected in each fractional double image. All double- 
image patterns are characterized by two free ends. The 
‘exact position of these two dangling ends is dependent 
"upon the frequency ratio and the deflection plates to 
which the signals are applied, 

Lissajous patterns that represent input signals with 
initial phase angles of 0°, 90°, 180°, or 270° are best 
to use in determining the frequency ratio. If the re- 
sultant picture is a double-image pattern, the initial 
phase can only be one of the above four values. If the 
pattern consists entirely of completed loops and is 
symmetrical about both the X- and Y-axes, then the 
input signals causing this pattern will have an initial 
phase angle of either one or two of the above four 
values, 

For the remainder of this chapter, we will have oc- 
casion to study Lissajous patterns for many other fre- 
‘quency ratios, both of the symmetrical completed loops 
types and the double-image patterns. 





Frequency Calculations from the Patterns 


Now that we have a fair idea of the general types of 
Lissajous patterns and under what circumstances they 
are formed, it becomes a very simple matter to deter- 
mine the frequency relationship between the two input 
sine-wave signals from the patterns. By drawing (or 
visualizing) a tangent to one vertical side of the pat- 
tern and another tangent to one horizontal side of the 
pattern (it does not matter to which side the tangents 
are drawn), it is possible to determine the frequency 
ratio. The frequency ratio can be expressed in simple 
mathematical form as follows 


pe w 


where fa = frequency of horizontal-defiection voltage 
fo = frequency of vertical-deffection voltage 
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f = number of loops which touch the horizontal 
tangent line 

4, = number of loops which touch the vertical 
tangent line, 


TANGENT TOUCHING 
THREE LOOPS 


TANGENT 

TOUCHING 
ONE 
Loop 


Fig. 12-55.—Method for calculating an unknown frequency 
by Lissajous figures, 


For instance, let us examine the pattern of Fig. 
12-55, which is the Lissajous figure of Fig. 12-48C re- 
drawn with vertical and horizontal tangent lines, From 
this drawing we find that fy is equal to 3 and t, is equal 
to 1, thereby establishing the frequency ratio as 3:1. 
This frequency ratio is also evident from the completed 
loop patterns (B) and (D) of Fig. 12-51. You can 
‘easily visualize the pattern of Fig. 12-53C as having 
three horizontal tangent points to two vertical tangent 
Points, which tells us that the frequency ratio of fa/fa 
is 3:2. The ty/t, ratio of Fig. 12-52B, C, or D is seen 
to be 1:3, rather than 3:1, which means that the fre- 
quency of the horizontal-deflection signal is three 
times as great as that of the vertical-deflection signal. 
‘Thus far we have seen how to interpret the fre- 
quency ratio from completed loop patterns. When deal- 
ing with double-image patterns, the situation is some- 
what different. We can still utilize the formula of equa- 
tion (12-4), but where a tangent line touches an un- 
completed loop (a free end) it should be counted as 
Ж а tangent point, and completed loops as a single 
point. For example, refer to Fig. 12-56, which indi- 
cates a number of double-image patterns with tangent 
lines drawn, In pattern (A), we find that f is equal to 
1 and ty equal to %, which means that the f/f, ratio is 
1/%, or 2:1. This establishes the vertical-deflection 
voltage as having a frequency equal to twice that of the 
borizontal-deflection voltage. Ifa lower horizontal tan- 
gent line of Fig. 12-56A were used instead, it would 








touch two free ends, and so ty = 4 + 4 or 1, the same 
as before. 

For pattern (B) of Fig. 12-56, ts is equal to 1% and 
f, equal to 4 + ¥ or 1, so that fa/t, is 14/1 or 3/2, 
which means that the frequency of the vertical-deflec- 
tion voltage is one and one-half times as great as that 
of the horizontal-deflection voltage. In part (C) of 
Fig. 12-56, the tx/ty ratio is found to be 1%/% which 
is equal to #/%4, or a 3:1 ratio, Thus we find that f/f» 
for this pattern is. 

The determination of greater frequency ratios rep- 
resented by other Lissajous patterns is carried out in 
the same manner just described. Although the patterns 
are more complex in appearance, the same method still 
applies In the previous examples, sine waves were 
used as the input signals because frequency standards 
invariably produce sine-wave signals and also because 
the resulting Lissajous patterns are easier to interpret. 
The Lissajous patterns discussed in this chapter will 
be based on sine-wave inputs, 


12.56, — Methods for 


UV SEE 


Frequency Calibration and Frequency Standards 


By the use of Lissajous figures, we have a ready 
means of comparing a known frequency against an un- 
known, and hence can determine the frequency of the 
latter. This can be carried out to a high degree of ac- 
curacy. In the use of the oscilloscope for this purpose, 
it is important to know the frequency response of the 
amplifers in the oscilloscope. In other words, if the 
amplifiers of the oscilloscope are to be used, the fre- 
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quency of the input signals must fall within the fre- 
quency response of these amplifiers, so that both signals 
appear at their respective deflection plates. (The fre- 
quency responses of practically all the popular com- 
mercial cathode-ray oscilloscopes are given in Chap- 
ter 22.) 

Not only are Lissajous patterns used for determin- 
ing the frequency of an unknown signal, but more gen- 
erally they may be used as a means of calibrating one 
instrument against a standard. In the comparison of 
the frequencies or the calibration of some equipment, 
one frequency must be known and the other is un- 
known. The frequency standard should be an accurate 
oscillator of any type. The range of the oscillator used 
as a standard is not so important, provided that its 
highest known frequency is at least one-tenth of the 
highest frequency to be calibrated upon the unknown. 
Thus, with a single 1,000-cps standard, it is possible 
to calibrate a range of from 100 to 10,000 eps. If the 
standard is continuously variable and has a range fully 
аз great as the expected range of the unknown or un- 
calibrated oscillator, calibration is, of course, greatly 
simplified, 

Also, it must known whether the standard frequency 
voltage has been applied to the vertical plates or to the 
horizontal plates. If the standard frequency is higher 
than the unknown and is applied to the vertical plates, 
the loops on the top (or bottom) of the pattern will be 
greater than the number of loops on either side of the 
pattern. Of course, when a 1:1 ratio is reached, the 
image will be a circle, ellipse, or straight line. If the 
standard frequency is the lower frequency and if it 
is held constant at its original value and the unknown 
is advanced, the greater number of loops will appear 
on the side of the pattern and the smaller number of 
loops will appear on the top of the pattern. Because of 
this change in the number of loops on the side or top of 
the pattern, it is necessary to know which plates are 
being supplied with the standard voltage. 
with completed-loop patterns, is to make certain that 
all of the loops in the image are shown and that none 
are covered by others. If the pattern cannot be stopped 
‘on the screen of if the pattern appears very complex, 
it is best to work with a pattern which is moving very 
slowly, so that all loops may be noticeable-Under cer- 
tain conditions, the linear sweep circuit in the cathode- 
ray oscilloscope may be used as a standard, but only 
after certain frequency settings of this system have 
been definitely established and are accurately known. 

Sine waves, nonsinusoidal waves, and modulated 
waves may be used during such frequency comparison, 








but not with equal facility. The greatest ease of inter- 
pretation, which means the most rapid and accurate 
determination, is obtained when two sine-wave volt- 
agesare compared. 


Relative Amplitude of the Two Input Signals 

Much can be said about the relative amplitudes of the 
two voltages applied to the vertical- and horizontal- 
deflection plates. However, efficient operation is best 
accomplished by having the image on the screen as 
large as possible, yet not too large (that is, not so large 
that the boundaries of the pattern extend to the limits 
of the screen). If the image is too large, the edges of 
the complex pattern will be hazy and interpretation 
will be difficult, 

There is very little choice between a square-shaped 
pattern on the screen and a rectangular pattern ; which- 
ever suits the requirements best for interpretation 
should be used. The simpler the frequency ratio be- 
tween the two voltages, the smaller may be the pattern, 
‘The more complex the frequency ratio between the two 
voltages, the larger must be the image, so as to enable 
visual inspection and proper interpretation, At the 
same time, it should also be realized that the larger the 
image, the less its intensity and the less distinct will be 
the lines, loops, and intersections, all of which may be 
involved in making the correct interpretation. Any 
effort to make the image brighter may result in impair- 
ment of the focus, thus making the boundaries of the 
image even more indistinct and difficult to interpret. 


‘Other Lisscjous Patterns 


Ratios as high as 10:1 and as low as 10:9 can be ob- 
served with patterns similar to those shown in Figs. 
12-51 and 12-52, In each case, tangents drawn to two 
sides, and counting the number of points (as pre- 
viously explained) which touch these tangents, will 
identify the frequency ratio. Space does not permit a 
complete explanation with full data concerning the 
graphical development of more complex types of Lissa- 
jous figures. Development of the most intricate pat- 
tern progresses exactly as outlined for the simple pat- 
terns. However, the actual construction is naturally 
more detailed and more intricate, because the pattern 
becomes more complex at higher ratios, and a greater 
number of spot positions must be established in order 
to construct the pattern. While it is true that the pat- 
tern resulting from, for example, a 3:2 ratio, ob- 
tained by applying two sine voltages, will differ from 
that developed when one of these voltages is a saw- 
tooth wave, the actual method of development remains 
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the same, as was indicated in Chapter 9 on Linear Time 
Bases. 

If you are interested in graphically solving other 
Lissajous patterns of the general ratio o/b, draw a 
cycles for the vertical-defection voltage and b cycles 
for the horizontal-deflection voltage, and, employing 
the same time interval for both, mark off the respective 
amplitudes and project the resultant spot displacement, 
as has been done for the previous graphical illustra- 
tions in this chapter. Remember that the lower the 
ratio (ie. the closer the fractional ratio approaches 
unity, such as 6:5, 8:7, 10:9, etc.), the more complex 
the pattern becomes and hence the more points will be 
needed to construct the pattern. 

Thus far we have studied various 1:1, 2:1, 3:1, and 

22 ratio patterns by means of Lissajous figures em- 
ploying sine-wave input signals, In order to indicate 
how the Lissajous patterns would appear when one of 
the input signals is a modulated sine wave, refer to Fig. 
12-57. Photos (A) and (B) both indicate 2:1 fre- 
quency ratios and (C) a 3:1 ratio, For pattern (A), a 
100-kc sine wave, amplitude-modulated by a 400-cps 

the input signal to the vertical-deflection 
plates, and a 50-kc sine wave is the input to the hori- 
zontal-deflection plate. For pattern (B), a 100-kc sine 
wave amplitude-modulated at 400 cps is the input to 


the horizontal-deflection plates. The degree of the mod- 
ulation for the input signal of pattern (A) is greater 
than that for pattern (B). From both patterns, the 2:1 





frequency ratio is easily seen. For the pattern at (C), 
the vertical-deflection voltage is a 150-ke sine wave, 
amplitude-modulated by a 400-cps sine wave, and the 
horizontal-defiection voltage is a 50-kc sine wave, thus 
producing a 3:1 ratio pattern. 

The following Lissajous patterns (Figs. 12-58 
through 12-85) will indicate frequency ratios possible, 
up to 10:1, which have not yet been covered, No modu- 
lated signals will be employed. For each figure, part. 
(A) represents the symmetrical completed-loop pat- 
tern and part (B) an uncompleted or double-image 
pattern with free ends, Both parts of each figure repre- 
sent the same frequency ratio, the only difference be- 
tween the two input signals residing in their initial 
phase condition. For all cases shown, the higher-fre- 
quency signal is that applied to the vertical-deflection 
plate. This means that in all patterns the greater num- 
ber of loops or points will lie along the horizontal tan- 
gent line. To visualize how the pattern will appear if 
the input signals to the deflection plates are reversed, 
simply rotate the page by 90° in a clockwise direction. 

The patterns will be presented in groups in the order 
of increasing numerator of the ratio, Patterns repre- 
senting 4:1 and 4:3 ratios will fall in group 4, patterns 
indicating 5:1, 5:2, 5:3, and 5:4 will fall in group 5, 
etc. The ratio indicated by any of the patterns із а 
function of the relative frequencies of the two voltages. 
Regardless of the exact numerical value of these fre- 
quencies, the pattern will be the same for any one par- 
ticular ratio. In other words, a 6,000-cps and a 1,000- 
cps voltage will create a 6:1 ratio pattern and this 
pattern will remain the same if the two frequencies are 
doubled to 12,000 and 2,000 eps, or changed to 12,600 
cps and 2,100 cps, respectively, 120,000 and 20,000 
eps, etc. In other words, the ratios will be reduced to 
their lowest common denominators. 








Group 4 Ratios 

Since we have covered, in detail, Lissajous patterns 
of 1:1, 2:1, 3:1, and 3 :2 ratios, the next ratio will have 
4.as the numerator. In group 4, only two possible ratios. 
exist which have not been discussed. They are 4:1 and 
4:3 ratios. (A 4:2 ratio is the same as a 2:1 ratio and 
24:4 ratio is the same as a 1:1 ratio, and both types. 
have already been studied.) 

Fig. 12-58A and B illustrate two patterns for a 4:1 
ratio, The frequency relationship for either pattern can 
be calculated from equation (12-4). The 4:1 ratio is 
readily seen from the completed-loop pattern of part 
(A), but it takes a few seconds longer to visualize this 
ratio from pattern (B) because of the necessity of 
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(A) (B) 


Fig. 12-58.— Oscillograms of 4:1 frequency ratios. 





(A) (B) 


Fig. 12-59. —Oneillograms of 4:3 frequency ration. 


ҮШ 





(в) 


12460—Oxcillograms of 5:1 frequency ratios. 





counting the free ends as only №. At the lower ratios, 
the completed-loop type pattern is simpler to use, but 
for higher ratios, as will soon be evident, it is best to 
use the double-tmage type pattern. In Fig. 12-59A and 
B appear two Lissajous patterns, each depicting ratios 
of 4:3. 


Group 5 Ratios 


In this group, where the numerator is 5, four ratios 
are possible; they are 5:1, 5:2, 5:3, and 5:4, The two 
patterns of Fig. 12-60 indicate a 5:1 ratio. Note that the 
double-image pattern of part (B) does not have any 








intersecting lines. In this latter photo, ty equals 2% and 
f equals #, making the fe/fs ratio 24/% or 5:1. 

In Figs. 12-61, 12-62, and 12-63 appear the Lissa- 
jous patterns for ratios of 5:2, 5:3, and 5:4, respec- 
tively. Counting the loops or peaks along the horizon- 
tal of part (A) of each of these photos readily indi- 
cates the number to be five. Counting the completed 
loops and free ends of part (B) of these photos indi- 
cates that there are 2% horizontal tangent points for 
each. For parts (A) of Figs. 12-61, 12-62, and 12-63, 
the loops or peaks along a vertical side increase from 
2 to 3 to 4, respectively, while for parts (B), we count 
the vertical points as 1, 1%, and 2, respectively. 
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Group 6 Ratios 

In group 6, only two new ratios are possible; they 
are 6:1 and 6:5, and they appear in Figs. 12-64 and 
12-65, respectively. Note the six peaks on top and one 
on the sides of Fig. 12-64A, while for part (A) of 
Fig. 12-65, we count six peaks along the horizontal 
and five peaks along the vertical. 








Fig. 12-65 —Oscillograms of 6:5 frequency ratios. 


Group 7 Ratios 

‘There are six new ratios possible in group 7, which 
are 7:1, 7:2, 7:3, 7:4, 7:5, and 7:6. The Lissajous 
patterns for these ratios appear in Figs. 12-66 through 
12-71, respectively. In each of the completed-loop 









patterns of part (A) of these drawings, we find seven 
peaks lying along the horizontal. Therefore, for each 
pattern, we consider the numerator of the ratio as 
seven. The vertical sides of patterns (A) indicate that 
each of their peaks successively increases by one, so 
that there are from one to six as we progress from 
Fig. 12-66 through Fig. 12-71. The horizontal of parts 








(А) (B) 





Fig. 12-66.—Oncillograms of 7:1 frequency ratios. 
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Fig. 12-67 —Ovcillograms of 7:2 frequency ratios, 





(B) indicates 334 tangent points, while along the ver- 
tical, the tangent points increase from % to 3, in steps 
of 4, for Figs. 12-66 through 12-71. 

An interesting thing about the double-image pat- 
terns, parts (B), is the position assumed by the free 
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denominate 


to for 
7 4, and 7:6, both free ends lie along the same side. 
Tn Figs. 12-67, 12-69, and 12-71, this is seen to be 
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the numerator of the ratio is itself an odd number. If 
the numerator ei на зави, then the situation 
concerning even- and odd-numbered denominators 
would be reversed. 


W 


(B) 





Fig. 122.—Oscillograms of 8:1 frequency ratios. 





Group 8 Ratios 


Only ratios 8:1, 8:3, 8:5, and 8:7 are possible in 
this group. In Figs. 12-72, 12-73, 12-74, and 12-75 


VPLS: 





Fig. 12-74—Oscillograms of 8:5 frequency ratios. 
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Ри. 12-73,.—Озсйортатз оЁ 8:7 frequency ratios. 
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appear the Lissajous patterns for frequency ratios 8:1, 
8:3, 8:5, and 8:7, respectively. 

You will note from Fig. 12-75, which indicates a 
ratio, 8:7, approaching unity, and where the numera- 
tor and denominator are both high, that it is much 
easier in these cases to determine the frequency ratio 
from the double-image pattern of part (B) than from 
the completed-loop pattern (A). 


Group 9 Ratios 





In this group, six different ratios are possible. These 
ratios are 9:1, 9:2, 9:4, 9:5, 9:7, and 9:8, and are 
shown in Figs. 12-76 through 12-81, respectively. Nine 
peaks appear along the horizontal for each part (A) 
of the photos. As the ratios decrease, that is, as we 
approach 9:7 and 9:8 ratios, it becomes difficult to 
count the exact number of peaks along the horizontal 
and vertical of the completed-loop patterns. At these 
ratios, it is better to use double-image patterns for the 
determination of the ratio because of the clarity of the 
image. You can readily see how much easier it is to 
interpret the frequency ratio of 9:7 and 9:8 from 
photos (B) of Figs. 12-80 and 12-81, respectively, than 
from the photos of part (A) of the same figures, 








Fig. 12-76—Oscillograms of 9:1 frequency ration. 





Fig. 12-77—Oscillograms of 9:2 frequency ratios. 





Fig. 12-78 —Opcitiograms of 9:4 frequency ratios. 
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Fig. 12-79—Oscillograms of 9:5 frequency ratios. 





Fig. 12-81—Oscillograms of 9:8 frequency ratios. 


Group 10 Ratios 


In this last group we are to study, only four ratios 
are possible. These ratios are 10:1, 10:3, 10:7, as 
10:9. The completed-loop and double-image patterns 
representative of these ratios appear in Figs. 12-82, 
12-83, 12-84, and 12-85, respectively. From examina- 
tion of the completed-loop patterns (A) of Figs, 12-84 
and 12-85, we find that it is extremely difficult to de- 
termine the frequency ratios from these Lissajous 
figures. On the other hand, we experience no difficulty 
in calculating these same frequency ratios from the 
double-image patterns (B) of Figs. 12-84 and 12-85. 

In the Lissajous patterns of Figs, 12-58 through 
12-85, the lowest input frequency used was 500 cps 
and the highest frequency was 5,000 eps. 

From the analysis of Lissajous figures, we see that 
there is a limitation as to how far we can use this 
method of frequency comparison, especially as the 
ratios approach unity. This is so because the patterns 
become difficult to interpret. There are other methods 
of frequency comparison, although not as popular as 
the Lissajous pattern method, which can be used to 
interpret higher ratios and those closer to unity. Of 
course, these other methods can also be used for the 





Fig, 12-84—Oxcillograms of 10:7 frequency ratios. 
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Fig. 12-82—Oscillograms of 10:1 frequency ratios. 
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Fig. 12-83 —Oscillograms of 10:3 frequency ratios. Fig. 12-85.—Occitlograms of 10:9 frequency ratios. + 
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Intensity Modulation. 


In the section of this chapter where we discussed a 
method of determining the direction of spot travel, we 
showed how the pattern appears when intensity modu- 
lation is applied. In this section, we will show how, by 
the use of circular patterns, we can determine the fre- 
‘quency of an unknown signal for low and high ratios. 
‘These ratios are, however, limited to the simple cases 
where the frequencies of the two signals are integral 
multiples of each other. The chief advantage of this 
method, however, is that the unknown signal can be 
almost any periodic waveshape without making the 
resultant pattern difficult to interpret, 

We already know that for a 1:1 Lissajous figure 
where the phase difference is 90° or 270°, a circular 
pattern will result if the amplitudes of the two input 
signals are equal, while a symmetrical elliptical pat- 
tern will be produced when the amplitudes are differ- 
ent, If we take a sine-wave signal and pass it through 
a phase-splitting network, which is properly connected 
to the oscilloscope, we can obtain this circular or ellip- 
tical pattern by this single signal alone. If we apply 
the other signal, which is to be compared to the first 
one, to the grid circuit of the cathode-ray tube we will 
intensity-modulate the electron beam. If this latter 
signal is strong enough, it will cause parts of the trace 
to be blanked out during its negative half-cycles. The 
number of blanking intervals or trace periods as seen 
on the screen determines the ratio of the two signals. 
‘We indicated this in Fig. 12-36 where the ratio was 
10:1, Before we illustrate some typical patterns, let us 
briefly describe how a simple phase-splitting network 
produces the circular or elliptical pattern. A simple 
and very common type of phase-splitting network con- 
sists-of a capacitor and resistor in series as indicated 
in Fig. 12-86A.* The voltage drop Ey across the re- 
sistor is equal to the series current I flowing in the 
circuit multiplied by the value of resistance (by Ohm's 
lay) and the voltage drop across the capacitor is equal 
to the current J multiplied by the capacitive reactance 
ot C. 

It is a well-known fact that the current flowing 
through a (pure) resistor is in phase with the voltage 
drop across it. This in-phase condition is illustrated in 
the vector diagram in part (B) of the figure, where 
the current vector J is seen to be in phase with the re- 
sistor voltage vector E. It is also known that the cur- 
rent flowing through a (pure) càpacitance leads the 

Fig. 12-86 was obtained from the text "Understanding Vec- 


tors and Phase,” by Rider and Uslan, published by John F. 
Bier Paes ee е оне 
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Fig. 12-86—A single phase-splitting network is shown at 
(Al e vector volare and current relations are indicated 


voltage across it by 90°. This phase relation is also 
shown in the vector diagram where the capacitor volt- 
age vector Ee is seen to be 90° behind or lagging the 
current vector J. From this simple analysis, we find, 
from the vector diagram, that the resistive voltage 
drop Ex and the capacitive voltage drop Eg are 90° 
ош of phase with £s leading Eo. 

For the sake of illustration, the length of vector Eo 
was made twice the length of vector Ex, which means 
that the capacitive reactance is twice as high as the 
resistance for this case, 

In Fig. 12-87 are illustrated three schematic repre- 
sentations of connecting such an R-C phase-splitting 
network to the oscilloscope. It does not matter whether 
the signal is fed to the amplifiers of the oscilloscope 
(as shown) or directly to the deflection plates of the 
cathode-ray tube. If it is fed directly to the plates, 
however, the signal must be strong enough to cause 
noticeable deflection. The input terminals in both 
drawings are not designated as being vertical or hori- 
zontal because the voltages can be applied across either 
set of plates. The resistors are made variable so that 
the shape of the image can be adjusted to either an 
elliptical or circular pattern. The latter type of pattern. 
is usually preferable and is the one used in this section, 

The circuit of part (A) of Fig. 12-87 is employed 
when the input signal is obtained from a balanced sys- 
tem. From this schematic, it is easily seen that the volt- 
age drops across the R and C elements are each effec- 
tively applied to one set of deflection plates, When 
‘working with a balanced output generator, care must 
be taken that the center-tap lead of the output circuit 
does not pick up any hum. This center-tap lead must 
not be grounded to the grounded terminals of the oscil- 
loscope, as this will prevent the circuit from operating 
properly. If hum pickup does cause trouble, then the 
auxiliary circuit of Fig. 12-87B can be used. The coil 
represents the balanced output circuit from the gener- 
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Fig. 12-87—Three different schematic representation. of 
how à phase-sphitting network may be connected to an oscillo- 
scope to produce a circular trace from a single input signal. 





ator with the center tap grounded. The common con- 
nection between the resistor and capacitor can be con- 
nected to either ungrounded input terminal, and the 
other end of the resistor (as shown in the drawing) or 
capacitor is connected to the other input terminal. 

When the signal source is obtained from a system 
that has an unbalanced output (one output terminal 
grounded) the circuit of part (C) of Fig. 12-87 should 
be used, From this drawing we see that two sets of 
phase splitters are employed. The resistances and re- 
‘actances of the circuit components are all the same so 
that the voltage drops across any combination of re- 
sistor and capacitor are 90° out of phase with each 
other. (If RI is i with C1 and R2 inter- 
changed with C2, the circuit will still operate prop- 
erly.) Therefore, by joining the common junction of 
each phase splitter to any one input terminal, a circu- 
lar trace will result, 

If both the unknown and known signal are sinusoi- 
dal, it does not matter which signal is used as the input 
to the phase-splitting network. If the unknown signal 
hasa different waveshape, then itis best to use a known 
sinusoidal signal as the input to the phase splitter and 


the unknown as the input to the grid of the cathode- 
ray tube. Whatever the case may be, the known fre- 
quency should be so adjusted that the input signal to 
the phase-splitting network is the one of lower fre- 
quency. Let us now examine a few such intensity- 
modulated patterns. 

In Fig. 12-88 appear two circular patterns which 
have been intensity-modulated. The frequency ratio is 
easily seen to be 4:1 by counting four trace or four 
blanking periods. These images, sometimes called spot- 
wheel patterns, were obtained using a 1,000-cps sine 
wave as the input signal to the phase-splitting network. 
Consequently, the frequency of the signal applied to 
the grid is 4 x 1,000 or 4,000 cps. Let us analyze why 
the ratio is calculated in this manner. The spot travels 
in the circular motion at a specific rate determined by 
the frequency of the signal applied to the deflection 
plates. A 1,000-cps signal causes the spot to travel or 
trace out the circle 1,000 times a second. This means 
that the spot will trace out one revolution or one circle 
in 0.001 second. If the signal applied to the grid has a 
frequency of 4,000 cps, it means that the beam will be 
blanked out once during one portion of each cycle, 
Since one cycle of a 4,000-cps signal occurs in 1/4,000 
second or 0,00025 second, then in 0.001 second, which 
the time for one complete revolution of the spot, four 

1 


blanking periods will occur because 4. Con- 


sequently, the frequency ratio is 

The signal applied to the grid of Fig. 12-88A was a 
4,000-cps sine wave and that for Fig. 12-88B was a 
4,000-cps square wave. Comparison of the trace sec- 
tions of these two patterns can tell us which was modu- 
lated with the sine wave and which with the square 
wave. In the case of sine-wave modulation, the trace 
parts of the pattern vary in intensity, because the am- 
plitude of the sine wave is not constant, This means 
that the individual traces will be more intense at their 
center because the sine wave will be a positive peak at 
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Fig. 12-89,—Intensity-modulated circular traces, (A) indi- 
cates a 10:1 frequency ratio and (B) a 20:1 ratio. 





this time, and that the intensity of the traces will de- 
crease evenly toward both ends. For the pattern which 
is modulated by the square wave, the intensity of the 
trace is constant because the amplitude of the square 
wave is constant during the trace periods. 

In Fig. 12-89 appear two other spot-wheel patterns. 
Photo (A), which is similar to Fig. 12-36, is easily 
seen to indicate a 10:1 ratio. The frequency of the 
signal causing the circular pattern was a $00-cps sine 
wave and that modulating the grid was a 5,000-cps 
square wave, For photo (B), we count 20 traces indi- 
cating a ratio of 20:1. The signal causing the circular 
image in this latter case is a $00-cps sine wave, and 
that intensity-modulating the grid a 10,000-<ps sine 
wave. From this latter photo, we see how much easier 
it is to interpret higher-frequency ratios by this 
method. 





(Other Frequency-Comparison Methods 
Using Phase-Splitting Circuits 


In order to facilitate observations of higher ratios, it 
is possible to use the same phase-splitting network as 
in the previous example, but instead of modulating the 
grid, other electrodes are used. Fig. 12-90 illustrates 
‘one of these methods. The lower-frequency input is 
applied across the R-C phase-splitting network and the 
voltage drop across each element is applied to alter- 








nate sets of input terminals and hence to the deflection 
plates. The higher-frequency signal is applied to either 
input terminal through a resistor RI as seen in Fig. 
12-90 and will modulate the circular or elliptical pat- 
tern. 
Both signals should be of sinusoidal character. The 
higher-frequency signal will be displaced around the 
circle or ellipse formed by the lower-frequency signal. 
Resistor R is made variable so that either a circle or 
ellipse can be used. Resistor RI is made variable so as 
to control the amplitude of this modulating signal. 
Previously we mentioned that Lissajous figures can 
be visualized as a wave traveling around a glass cylin- 
der through which the front and rear patterns are 
visible. From the circuit of Fig. 12-90, the resulting 
patterns appear as though both these front and rear 
Portions were separated and individually distingui 
able. In other words, this method, irrespective of the 
initial phase difference between the two input signals, 
prevents any one portion of the pattern from being 
Covered or coinciding with other parts. Let us now 
examine some patterns obtained by this method. 





Fig, 1291—in these patterns part (A) indicates a 10:1 
el mado and (BS a IP ale 
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In Fig. 12-91 appear two patterns where the higher- 
frequency signal is an integral multiple of the lower- 
frequency signal. Each pattern has its peaks numbered. 
Pattern (A) has 10 peaks and pattern (B) 12 peaks. 
This means that the numerators of the ratios are equal 
to 10 and 12, respectively. If the pattern appears as a 
single sine wave, that is, there are no intersecting lines 
(as in Fig. 12-91), then the denominator of the ratio 
is unity, Therefore, pattern (A) of Fig. 12-91 repre- 
sents a 10:1 ratio and pattern (B) a 12:1 ratio, 

In Fig. 12-92 appear two patterns where the denomi- 
nator of the ratio is equal to two. By counting the num- 
ber of peaks around the top of the pattern (visualizing 
the image as rotating around a cylinder) we immedi- 
ately find out the numerator of the ratio. These peaks 
are numbered in the photo; for Fig, 12-92A, 13 peaks 
are counted, and 19 peaks appear for Fig. 12-92B. For 
the value of the denominator of the ratio, represented 
by the lower-frequency signal, we have to count the 








Fiz. 12-92— The ouillograr af (A) is for 13:2 frequency 
ratio and that at (B) for a 19:2 ratio. 





Fig. 12-93—Frequency ratios of 10:3 and 11:3 are indi 
cated by (A) and (B) respectively. 


number of times that any part of the sine wave between 
a positive and negative peak is intersected and then add 
one to the result found. Thus, in Fig. 12-92, only one 
intersecting line is found for both patterns ; hence, the 
denominator of the ratio for each pattern is 1 + 1 = 2, 
Therefore, we find that the ratio for pattern (A) is 
13:2, and for pattern (B) it is 19:2. In Fig. 12-91, 
there were no intersecting lines, so the denominator is 
unity. 

In Fig. 12-93 appear two other patterns produced 
by the method indicated in Fig. 12-90, The peaks of 
each pattern are marked as before, so that the numer- 
ator of the ratio for the pattern at (A) is 10 and for 
that at (B) is 11. The denominator of the ratio for each 
pattern is 3, because for each image there are two inter- 
secting lines to which we add 1. In order to show two 
such intersecting points, we have arbitrarily marked 
one pert of the pattern of Fig. 12-93A with letters a 
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and b. In other words, that part of the pattern leading 
from peak number 3 and going in the negative direc- 
tion (ie., with the negative slope) has only two inter- 

lines crossing its path. Consequently, Fig. 
12-93A indicates a 10:3 ratio, while Fig. 12-93B shows 
an 11:3 ratio, 

A higher ratio pattern is indicated in Fig. 12-94. Ву 
carefully counting the peaks (which we have num- 
bered), 12 of them can be seen. The number of inter- 
sections for any one line is four, which means that the 
denominator of the frequency ratio is equal to five, and 
hence the frequency ratio represented by the pattern is 
12:5, In all of the patterns shown in Figs. 12-91 
through 12-94, the higher-frequency (modulating) 
signal was applied to the vertical-deflection plates. This 
is easily noticeable by the sine waves of the pattern 
being deflected in the vertical direction. If this higher- 
frequency signal were applied to the horizontal-deflec- 
tion plates, the patterns shown here would be shifted 
in position by 90°. 

‘A very simple equation can be formed for deter- 
mining the frequency ratios from such patterns as ob- 
tained by the circuit arrangement of Fig. 12-90. If we 
let P equal the number of peaks around the top, or 
circumference, of the pattern (visualizing the image 
as rotating around a cylinder) and m the number of 
intersecting lines (obtained as outlined before), then 
the ratio can be expressed as follows 

Frequency ratio = yy . (2-5) 
At all times, the numerator of the equation will be 
greater than the denominator. 

Another form of circuit? utilizing the same phase- 
splitting network as before is shown in Fig. 12-95A. 








y N, Yn Wavelorm examination with the cathode- 
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This circuit produces a pattern such as that in Fig. 
12.95B. The voltage is effectively applied across both 
sets of plates in quadrature (i.e, 90" out of phase) by 
means of the phase-splitting circuit. As a result of this 
circuit, when the reactance of C is equal to the resist- 
ance of R, the beam spot traces a circle upon the screen. 
The other voltage, the unknown, is connected in series 
with the accelerating anode (anode no, 2). The opera- 
tion of the system is predicated upon the fact that as a 
result of the varying voltage in series with the fixed 
accelerating voltage, the anode potential will fluctuate 
through a maximum and minimum, in accordance 
the frequency of the varying voltage. At the same time, 
the voltage applied in quadrature to the two input ter- 
minals, and hence to the two sets of deflection plates, 
will cause the spot to describe a circle, The varying 
voltage will cause the anode potential to fluctuate a 
number of times (depending upon the frequency of the 
varying voltage) during each circulation of the spot. 
This spot movement is different from that accom- 
plished by the circuit of Fig. 12-90. For the circuit of 
Fig. 12-95, the spot, as it travels around the circle, is 
effectively displaced in a radial manner relative to the 
circle. The result is that the final pattern will be an 
image which indicates the frequency ratio between the 
varying voltage in series with the anode and the fre- 
quency of the voltage which is causing the circular 
motion of the spot. If the ratio between the two is in- 
tegral, the image will be stationary ; if the ratio is frac- 
tional, the image will revolve, 

The frequency ratio for such patterns is determined. 
in a similar fashion to that just discussed. The number 
of peaks on the outside (or inside) of the pattern is the 
numerator of the ratio and the number of intersections 
plus one is the denominator of the ratio, Thus the pat- 
tern of Fig. 12-95B represents a 19:2 ratio. This 
tantamount to stating that the ratio is equal to the num- 
ber of whole sine waves superimposed around the circle 
for any one revolution divided by the number of revo- 

















(А) "канне | e 


Fig. 12-95.—In this method of frequency comparison (А), 
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lutions the spot makes around the circle (ie., the num- 
ber of times the same complete sine wave is repeated). 

This arrangement for frequency comparison is sel- 
dom used. It has several disadvantages when viewed 
from the practical angle, First is the danger entailed by 
working around the high-anode voltage found in pres- 
ent-day cathode-ray-tube equipment. The second is 
that it is quite a problem to break into the finished 
cathode-ray oscilloscope in order to make proper con- 
tact with the circuit, The third is the defocusing effect 
of this varying potential, and the resultant blurring of 
the image. 





Roulette Method’? 


There is still another method by which frequency 
comparison can be made, The resulting patterns from 
this method are shaped in the form of a roulette, and 
hence it is often called the roulette method. In the cir- 
cuit arrangement to be discussed, fto separate phase- 
splitting networks are used. 

In the frequency-comparison circuits previously de- 
scribed, where a phase-splitting network was em- 





ployed, no mention was made as to the type of arrange" 


ment of the deflection plates. In other words, one plate 
from each pair can be internally connected together 
(and then grounded), or they can all have separate 
connections, In the method to be described in this sec- 
tion, both types of deflection-plate arrangements can 
be used, but where one plate from each pair is inter- 
nally connected together, additional circuit components 
are needed to produce the same effects as for the type 
with separate external connections. We will first study 
the circuit arrangement where each deflection plate has 
external connections. 

The circuit arrangement appears in Fig. 12-96. The 
input signals can be fed directly to the cathode-ray tube 
as shown (the signals must be strong enough to pro- 
duce readable deflections), or they can be fed through 
the amplifier sections of the oscilloscope. In the latter. 
case, the cathode-ray tube must bave the plates con- 
nected in a balanced deflection system. Note the two 
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Fig. 12-96.—Schematic circuit arrangement for the roulette 
method of frequency comparisons. 


R-C phase-shifting networks, The resistors and capac- 
itors are assumed to be pure, that is, the resistors are 
assumed to contain negligible inductance and the 
capacitors negligible leakage resistance, The two input 
signals are introduced as shown, 

The resistors are made variable so that after proper 
adjustment, each signal when considered acting alone 
will produce a circular trace on the screen of the cath- 
ode-ray tube. If signal voltage e, is the only active input 
signal, the voltage drop across RJ is coupled to the 
right horizontal-deflection plate through C2 and the 
voltage drop across C1 is coupled to the lower vertical- 
deflection plate through R2. A similar action will occur 
when signal voltage e, is considered acting alone. The 
strength of the input signals determines the radius of 
the individual circles produced. For proper operation 
of this system, the circle produced by the lower-fre- 
quency signal should be larger than, or just equal to, 
that of the higher-frequency circle. This is necessary 
because the simultaneous combination of the two cir- 
cular forces will be such that the spot will traverse a 
path which may be visualized as a point on the small 
Circle rotating about the circumference of the larger 
one. This combined action is such that there will be 
deviations or breakups in the regular path of the lower- 











» frequency circle (the deviations are the same all along. 


the path) which will be a ready means of determining 
the frequency ratio. 

For the circuit illustrated in Fig. 12-96, there will be 
loops, points, or cusps that break outward, but if the 
resistor and capacitor of either phase-eplitting network 
are interchanged, the loops will be pointed inward. In 
this latter case, there will be fewer cusps or loops, as- 
‘suming the frequency ratio is the same for both cases. 
For ratios where the higher frequency is an integral 
multiple of the lower frequency (ie, where the ratio 
in its simplest form is an integer) it is easy to deter- 
mine the ratio, whether the loops are pointed inward 
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or outward. When the ratio is not an integral value, 
it is best to have the loops pointed outward, because 
the other type of pattern becomes more difficult to in- 
terpret. Let us study some typical oscillograms before 
we discuss how the frequency relationship is calcu- 
lated. 

The photo of Fig. 12-97A is a triple exposure and 
is based upon the circuit of Fig. 12-96 as is. The small 
circle is that produced with signal ey, the higher-fre- 
quency voltage, acting alone, and the large circle is 
produced by the lower-frequency voltage ¢, acting 
alone, In other words, the amplitude of e, is greater 
than that of ej. The other part of the photo is the re- 
sultant pattern caused by the combined action of the 
two input signals, e, and e. This resultant pattern is 
for a frequency ratio of 2:1, 1f the resistor and capac- 
itor of either phase-splitting network of Fig. 12-96 are 
interchanged, the resulting pattern will have its peaks 
pointed inward as seen in Fig. 12-97B. 


9 
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Fig. 12.97.—The resultant pattern of the triple exposure 
photograph of (A) and the pattern of (B) are both 2:1 fre- 
quency ratios by the roulette method. 


Ifthe amplitude of the higher frequency is increased 
and approaches that of the lower frequency, the peaks 
or points of the resultant patterns of Fig. 12-97 will 
open up and loops will be formed. This is best illus- 
trated by the 2:1 ratio of Fig. 12-98. Compare this 
photo with the resultant of Fig. 12-97A. Both oscillo- 
grams can be used equally well for frequency compari- 
son. If the amplitude of each input signal were the 
same, the loops would open up more and the spot would 
cross the center of the pattern three times. 


Fig. 12-98.—A roulette 
with a 2:1 freq: ratio; 
the loops indicate that the 
amplitude of the higher. 
that of irany 
signal. 





Fig. 12-99—Both patterns indicate roulette frequency 
ratios of 3:2. "е ui 


The two patterns of Fig. 12-99 each indicate a fre- 
quency ratio of 3:2, The pattern at (A) resulted when 
the amplitude of the higher-frequency signal was lower 
than that of the lower-frequency signal. When the am- 
plitudes of both signals were made approximately 
equal to each other, the peak opened up into loops, and 
the pattern at (B) resulted. Note from this latter photo 
that the loops all meet at the center of the pattern. The 
spot crosses the center of the pattern five times. 

From the pictures we have seen thus far, we can for- 
mulate a method whereby we can determine the fre- 
quency ratio from the pattern. If in tracing out the 
pattern, the spot goes from one loop or peak directly 
to the next (whether the peaks are pointed inward or 
outward), then the denominator of the ratio will 
ways be unity and the resultant ratio will be an integral 
value. The patterns of Figs. 12-97 and 12-98 illustrate 
such a condition. If the spot does not go from one peak 
to the next, but skips some, the denominator of the 
ratio is different from unity (see Fig. 12-99). If 
Nu/N is the ratio of the higher to lower frequency in 
its simplest form, then irrespective of its magnitude, 
as long as the pattern has the cusps or loops pointed 
‘outward, the total number of loops, call it NV, directly 
indicates the sum of Nw + Nz. Thus 











N=NatNi (126) 
Solving equation (12-6) for Ng we find 
Na=N-Ni (127) 


Consequently, the frequency ratio Nx/Nz can now be 
expressed as follows. - 
Frequency ratio NM. (12-8) 
The value of Nz for those cases where the spot traces 
the pattern by going from one cusp or loop directly to 
the next, as we already mentioned, is equal to unity. 
From Fig. 12-99, which indicates 322 ratios, you will 
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note that the spot in going from any cusp or loop to the 
next can be considered as skipping either one or two 
loops. Thus from loop 1 (the loops are marked for the 
sake of illustration) in either pattern, we find that the 
spot may be traced toward loop 3 or 4. In going toward 
loop 3, the spot can be considered as skipping either 
loop 2 on one hand or loops 4 and 5 on the other hand. 
In going from loop 1 toward loop 4, however, we either 
skip loop 5 or the two loops numbers 2 and 3. Regard- 
less of the pattern or the direction in which we follow 
a loop, two groups of loops will be skipped. Also, re- 
gardless of which cusp or loop we start with, the same 
sit n will always hold. If the denominator of the 
ratio is increased, then the smaller number of skipped 
loops will also increase. The arrangement of the pat- 
tern produced by the circuit of Fig. 12-96 is such that 
the denominator or the N of the ratio can be deter- 
mined from any pattern (in which the loops are pointed 
outward by adding one to the smaller number of loops 
skipped. Thus for Figs. 12-97 and 12-98, there are no 
loops skipped, so Nz is 1, while for Fig. 12-99, the 
smaller number of loops skipped is 1, and hence Nz for 
this case is 2. 

Getting back to equation (12-8) we can easily deter- 
mine the frequency ratios from the pattern. For Figs. 
12-97A and 12-98, N (the total number of loops) 
‘equals 3 and N,, equals 1, so that the ratio becomes 

N-N “3-1 _2 
Nr 47-4 
and for Fig. 12-99, N equals 5 and Nz, equals 2, hence 
the ratio is 














N-N,.5-2.3 
“Se. oe 
Ifthe cusps or loops are pointed inward, then the minus 
sign of equation (12-8) is changed to a plus sign. Thus 
for Fig. 12-97B, N equals 1, Nz also equals 1, and the 
ratio becomes 3 
NN. 
"Жу" 





Fig. 12-101.—A. roulette 
pattern for a 7:5 frequency 
табо. 





For frequency ratios other than integral values, it is. 
not advisable to use the arrangement where the cusps 
point inward, because the pattern becomes quite ints 
cate, and it becomes difficult to interpret N and Nz. 

Let us study some other patterns produced by the cir- 
cuit of Fig. 12-96, where the peaks or cusps are pointed 
outward. The amplitudes of the input signals of these 
forthcoming patterns are such that all the peaks are 
opened up. The two patterns of Fig. 12-100 indicate 
integral ratios, where N, is equal to unity. For the 
roulette pattern at (A) 4 loops are counted, so the fre- 
quency ratio becomes 3:1, and in pattern (B), 13 loops 
are counted, so the ratio is 12 :1. For the pattern of Fig. 
12-101, N equals 12. Now if we choose the extreme end 
of any one loop as a fixed point and follow the path of 
the trace in either direction to the extreme end of an- 
other loop, which we take as our second fixed point, we 
shall find that we have skipped two groups of loops be- 
tween these two fixed points. One group comprises 6 
loops, the uther 4 loops. Hence N'; which is 1 more than 
the smaller number of loops skipped, is 1 + 4 = 5, and 
the ratio becomes 7:5. For Fig. 12-102, the ratio is 
10:7. This is easily seen by counting a total of 17 loops 
and 6 skipped loops (the smaller number of skipped 
loops). There are 23 total loops in the pattern of Fig. 
12-103, and if careful observation is made, we will find 
that the smaller number of loops skipped is 10, which 
means that the ratio is 12:11 

A disadvantage of this system of frequency com- 
parison is that we cannot determine directly from the 
pattern which signal input is the higher frequency. 
However, if only the higher frequency is increased, the 
greater number of loops skipped will increase but not 
the smaller, and if the lower frequency is increased, the 








Fig. 12-102—A frequency 
ratio ‘of 12:7 in indicated by 


EL eoo pater 
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smaller number of loops skipped will increase and not 
the larger, Thus if we increase the frequency of either 
the known or unknown signal to the next stationary 
pattern and note the change in the number of loops 
skipped, we have a ready means of knowing which 
input signal is of higher frequency. 

The analysis of roulette patterns thus far is based 
‘upon the original work done by the authors of the 
reference articles.*~# In the process of working with 
such patterns and obtaining the patterns indicated in 
this section, this author has found a supplementary 
method of determining the frequency ratio from the 
patterns. This method is also based upon the fact that. 
the total number of loops or cusps of the resultant pat- 
tern is equal to the sum of the numerator and denomi- 
nator of the ratio (i.e, itis based upon N = Nar + Nz). 

When the ratio is an integral value, no loops are 
skipped, and the calculation of the ratio is easily done 
from the pattern. When the ratio is a fraction in its 
simplest form, then some loops will be skipped when 
the spot traces out the pattern in going from one loop 
to another. We have shown that two groups of loops 
are skipped, one group containing more loops than the 
other, It is upon both of these groups that this supple- 
mentary method of determining the frequency ratio is 
based. 

If we let No equal the group which contains the 
greater number of loops skipped, and Ns the group 
which contains the smaller number of loops skipped, 
wecan write 





NzNetN 2. (29) 


This is so because in counting Ng and Ns we omit the 
two loops which we use as our fixed or starting points. 
If we take equation (12-9) and substitute it for the M 
in equation (12-8), and if we let Nz = Ng + 1, we 


find that 
Jarab e + Net 2) > (Na+) 


which simplifies to 
4 Natl 
Frequency ratio= NEFT ` 





(12-10) 
(12-11) 


Equation (12-11) simply states that the frequency 
ratio of roulette patterns, with cusps or loops pointed 
outward, is equal to 1 plus the greater number of loops 
skipped, divided by 1 plus the smaller number of loops 
skipped. Thus for Fig. 12-99, No equals 2, and Ny 
equals 1 and hence the ratio is 2 or 3:2, For Fig. 
12-101, No equals 6, Ne equals 4, and the ratio is 
simply $1 or 7:5. For Fig. 12-102, No = 9 and Na 
= 6, so the ratio becomes 10:7. The more intricate pat- 
tern of Fig. 12-103 shows us that No — 11 and Ny = 
10, so that by adding one to each, the ratio becomes 
12:11. 

Reich and Rangachari*-!? have each independently 
designed a circuit arrangement whereby a cathode-ray 
tube that has a common connection between one hori- 
zontal and vertical plate can be used for frequency 
comparison by the roulette method.!* Both methods 
utilize isolating transformers, and hence the range of 
frequencies to be compared is limited to the frequency 
range of the transformers. In this section, we will only 
consider the Reich circuit because it isa later method. 
This circuit arrangement is illustrated in Fig. 12-104. 
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Fig. 12-104.— Schematic arrangement whereby rouletté pat- 


terns can be formed on a cathode-ray tube which has a common 
connection between one deflection plate of each pair. 





As before, both phase-splitting networks are adjusted 
so that each input signal, when acting alone, produces 
a circular pattern. The following is an excerpt from the 
article by Reich? with reference to the circuit of Fig. 


E 


connects each voltage directly to one pair of 
ine i INS 
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"The impedance of the isolating transformer T 
should be high in comparison with the resistance Rs, 
For frequencies in the audible range, excellent results. 
are obtained with an ordinary interstage coupling 
audio transformer and a 5,000-ohm variable resistance. 
At frequencies above 5,000 cycles, the distributed 
capacitance of the transformer tends to prevent the 
formation of a circular pattern for the voltage es. For 
this reason, e, should be the lower frequency. Resist- 
ance or capacitance between the Y plates or leads pro- 
duces a phase shift which makes it difficult to obtain a 
circular pattern for the voltage e, at very high fre- 
quencies. No difficulty is encountered, however, even 
above 10,000 cycles, if the plates are not shunted by a 
leak and if the connection from the ungrounded plate 
to the transformer is short. A high resistance Rs across 
the secondary is sometimes of help at high frequencies. 
If the primary and secondary of the transformer of 
Fig. 12-104 are wound in the same direction, the cusps 
or loops of the pattern will point inward. The pattern 
may be transformed into one in which the cusps point 
outward by transposing the primary or secondary con- 
nections or by interchanging the position of the capac- 
itor of either R-C phase-shifting network.” 

It is evident that considerable progress has been 
made in audio transformer development, since this 
early (1937) article has appeared ; very little difficulty 
due to distributed capacitance should be experienced 
with present-day transformers throughout the audio 
range. 


Oscillator Calibration: 


‘Two methods of calibration are possible, using the 
cathode-ray tube as a visual indicator. One is to adjust 
the known and the unknown frequencies of the oscil- 
lators so as to produce a 1:1 pattern upon the screen ; 
for this adjustment, the unknown oscillator frequency 
is equal to the known frequency of the standard oscil- 
lator. The other method is to keep the standard oscil- 
lator fixed at one frequency, say the lowest base fre- 
quency, and to vary the unknown oscillator through a 
range which will produce patterns from a 1:1 ratio on 
up (according to bow high the frequency of the cali- 
bration is desired), calibrating each adjustment of the 
‘unknown, in accordance with the frequency ratio indi- 
cated upon the screen. (The method of frequency com- 
parison to be used, whether by Lissajous figures, in- 
tensity modulation, roulette method, etc., depends upon 
the range of calibration and the frequency ratios to be 
dealt with.) 

The former of these two calibrating methods is to be 
preferred. First, because wc enables more accurate ad- 





justment at each frequency, since the frequency ratio 
is 1:1. Second, it minimizes the error to that inherent 
in the standard at the particular frequency. If the sec- 
ond method is used and the base-frequency adjustment 
is “off,” the discrepancy is carried on through each of 
the other calibrations based upon the original standard 
frequency. However, the second method is faster, since 
only one oscillator is adjusted for a number of fre- 
quency calibrations. It is more economical and perhaps 
more common because of the minimum of expense in- 
volved to secure a single-frequency standard. If the 
first method is used, each oscillator is advanced step 
by step. The closer the calibration points, the greater 
is the number of tuning changes required. 

The degree of accuracy obtained is determined by 
two factors. The first is the intrinsic accuracy of cali- 
bration of the standard oscillator for any one setting. 
The second is the care with which the unknown oscil- 
lator is varied in order to stop the image. Absolute 
accuracy of calibration is achieved when the image is. 
stopped. However, it is possible that either one of the 
two oscillators used will drift, thus preventing the stop- 
ping of the image. At any rate, a very slow drift of the 
pattern is permissible and often unavoidable. The point 
of calibration should be set as that for which the image 
has stopped or is moving at the slowest obtainable 
speed. 

Very little need be said about calculations for 1:1 
ratio patterns. When these appear and are stopped, the 
unknown oscillator frequency is equal to the standard 
frequency. If the calibration of the unknown oscillator 
ranges is carried out completely in this manner, there 
is no need for calculation of any sort. However, if the 
frequency calibration is carried out with ratios other 
than unity, a simple calculation is required. It is best 
in most cases to make the standard frequency the base 
frequency and lower than any unknown frequency. 
This means that the pattern will indicate ratios, 
wherein the unknown frequency is always the greater. 
Thus if a pattern indicates a 4:1 ratio, the lower fre- 
quency is the standard and the higher frequency is the 
unknown. If the base or standard frequency for this 
pattern is, say 100 eps, the unknown frequency for the 
setting which develops the 4:1 ratio pattern is 100 
4/1 oF 400 eps. In other words, the base frequency is 
multiplied by the ratio obtained on the oscilloscope. 
‘Thus, as another example, if the base frequency (stand- 
ard) is 1,200 eps and is the lower of the two frequencies 
which produced the pattern, and the frequency ratio 
indicated by the pattern is 4:3, the frequency of the un- 
known for that setting is 1,200 x 4/3or 1,600 cps, 
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For a base frequency of 100 cps, the following table 
lists the frequencies of the unknown corresponding to 
various ratios, assuming that the base frequency is 
always lower or equal to the unknown frequency. 


Frequency of Un- Frequency of Un- 
Ratio known Oscillator Ratio kmoum Oi 
u $ —m $ 
и и 8 
3 133 5/2 250 
190 8/3 267 
167 Ш Ds 
jn 300 


ў 175 
1 200 

The corresponding patterns for these thirteen ratios, 
produced for various base frequencies, will enable 
calibration in extremely small steps. Thus, suppose 


that the thirteen ratios listed have been established, By 
increasing the base frequency to 300 cps, as the second 
adjustment, the ratios listed will provide calibration 
points for 300 eps, 375 cps, 400 cps, 450 cps, 500 eps, 
525 eps, 600 cps, 675 cps, 700 eps, 750 cps, 800 cps, 
825 cps, and 900 eps. By moving the base frequency up 
t0900 cps and producing again the same ratio patterns, 
calibration up to 2,700 cps is obtained. Similarly, by 
advancing the base frequency up to 2,700 eps and pro- 
ducing the same ratio patterns by adjusting the un- 
known oscillator frequency, calibration up to 8,100 cps 
is effected. This process can be carried on indefinitely, 
until all ranges of the oscillator are calibrated against 
the standard, 


CHAPTER 13 
NONLINEAR TIME BASES 


In Chapter 9, we discussed linear time bases sepa- 
rately because linear sweep circuits are the type most. 
commonly used in oscilloscopes. There are, however, 
numerous other types of time bases used in special 
kinds of oscilloscopes and other equipment where 
cathode-ray tubes are employed. To distinguish these 
time bases from the types that produce a sawtooth 
waveform (or modification thereof), we will call them 
nonlinear time bases. The most common types of non- 
linear time bases are often classified as circular (or 
polar), spiral, elliptical, and radial sweeps, We will 
study these types of time bases in this chapter. 

The term polar sweep, or polar co-ordinate sweep, 
is often misrepresented and misunderstood by readers. 
When a circular, elliptical, or spiral time base is said to 
represent a polar sweep, it means that the trace on the 
screen produced by the time base can be considered as 
being shown on a system of polar co-ordinates. Signals 
can be displayed on such traces in many different ways. 
Generally speaking, a polar co-ordinate representa- 
tion is one in which the radius (or radius vector, as it 
is sometimes called) varies in both magnitude and di- 
rection to trace out the curve in question. On the basis 
of this definition, any signal displayed along a circular 
or spiral time base is a polar co-ordinate representa- 
tion. However, very seldom can a signal portrayed by 
such time bases be considered аз а plot on polar co-or- 
dinates in the true sense of the word, because this por- 
trayal does not represent the mathematical relation be- 
tween the magnitude and direction of the radius vector 
the same way as on polar co-ordinate graph paper. In 
other words, a plot of a sine wave on polar co-ordinate 
graph paper will be a completely different pattern than 
ine wave spread out by these time bases. 




















Circular and Elliptical Sweeps 

There are a variety of methods for producing circu- 
lar and elliptical sweeps, some of which we have al- 
ready studied in Chapter 12 when considering diverse 
means of frequency measurements. One of the chief 
reasons for employing a circular (or elliptical) time 
base is to increase the over-all length of the trace. Thus, 


if the circular trace has a diameter of four inches, the 
circumference of the circle will be 4x, or 12.56 inches. 
From this we see that a circular trace of four-inch 
diameter will have an effective length w times (3.14 
times) that of a linear (straight-line) trace of four 
inches, Consequently, we see that more information 
сап be displayed on a circular time base than one pro- 
duced by a sawtooth sweep. Another advantage of such 
time bases over sawtooth sweeps is that no time is lost 
оп retraces, Circular time bases, in addition to being 
used for frequency comparisons, also find a wide 
variety of uses in radar. 

In Chapter 12, we have shown that by applying a 
sine wave to each set of deflection plates, the resulting 
pattern will be a circle when the two sine waves are 90° 
(or 270°) out of phase and the amplitudes of the two 
input signals are equal (see Figs. 12-15, 12-16, and 
12-17) ;a symmetrical ellipse will result when the am- 
plitudes are not equal (see Figs. 12-18 and 12-19). 
We have also shown that such traces can be made by a 
single sine-wave source, by applying this signal to an 
R-C phase-splitting network and feeding the output of 
this network to the input terminals of the oscilloscope 
(see Fig. 12-87). 

In Chapter 12, we have seen how circular traces can 
be used for frequency measurements. Circular and 
elliptical traces are also used just as a time base to 
portray any type of signal, be it of sinusoidal character, 
a complex wave, or a pulse. The (A) and (B) patterns. 
of Fig. 12-91 in Chapter 12, although they are used to 
portray frequency ratios of 10:1 and 12:1, respectively, 
can also be thought of as illustrating a sine wave spread 
out by a circular trace. If the circular trace is made 
elliptical, and the signal input to the horizontal-defiec- 
tion plates is increased so that part of the pattern is re- 
moved from the screen, the image seen will be that of 
two separate waves, By proper manipulation, certain 
parts of the input signal can be observed easily in com- 
parison with other parts. It should be remembered that. 
бог а signal to be properly presented along a circular 
cr elliptical time base, its frequency should be an in- 
tegral multiple of the signal frequency causing the cir- 
cular trace. ' 
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Injecting the signal to be observed to any one pair 
of deflection plates (see Fig. 12-90 in Chapter 12) to 
produce the patterns mentioned above, the deflection of 
the signal by the circular time base will not always be 
at right angles to this circular trace, but may actually 
be tangent, This is especially obvious at the extreme 
right and left sides of the patterns of Fig. 12-91. In 
other words, the reproduction of a signal by a circular 
time base by the method just described will make it 
difficult to interpret certain parts of the reproduced 
picture, 


‘Radial Deflection of the Circular Trace 


If the signal to be observed can cause a deflection of 
the spot that will always be at right angles to the circu- 
Jar time base, that is, where the deflection will always 
be radial, we will have a superior arrangement of using 
this circular time base. There are various methods 
whereby such deflection is possible. One we discussed 
briefly in Chapter 12 (see Fig. 12-95) where the 
cular trace was produced by a simple R-C phase-split- 
ting network and where the signal to be observed was 
fed to the second or final anode of the cathode-ray tube, 
and hence modulated the circular trace in a radial man- 
ner, We also outlined the basic disadvantages of such 








Whatever the case may be, if only one trace of a 
signal is to be observed and if the signal is periodic, 
then its frequency must be an integral multiple of that 
causing the circular time base. The drawing of Fig. 
13-1A illustrates a sine wave spread out by a circular 
trace in which the deflection along the trace is radial. 
The method of producing such a trace is, at the mo- 


ment, unimportant. What is important is the fact that 
the complete sine wave is visible and no portion is 
cramped. The dashed circle of this pattern indicates 
the position of the circular trace before application of 
the modulating signal. You will also notice that 11 
cycles of the sine wave are spread out along the circu- 
lar baseline, This means that the frequency of the sig- 
mal being observed is eleven times as great as that 
producing the time base, 

In part (B) of Fig. 13-1 11 cycles of the same sine 
wave are reproduced by a linear time base, with the 
length of the time baseline being equal to the diameter 
of the circular trace at part (A). By comparing these 
two drawings, you can readily see how a circular time 
base spreads out the waveform for easier observation. 
For the same time separation between cycles, a circular 
trace can occupy (or 3.14) times as many cycles as 
a linear trace whose length is the same as the diameter 
of the circle, 

There are two chief methods whereby radial deflec- 
tion of a circular trace can be effected ; one involves 
the use of additional electrode elements inside the 
cathode-ray tube which are made to function in con- 
junction with the deflection plates, and the other em- 
ploys an amplifier arrangement in conjunction with 
the deflection plates. In the following sections, we will 
study a number of these different arrangements for 
producing a circular trace and modulating it in a radial 
manner. 





‘Amplifier Arrangement for Radial Deflection 


Опе of the first methods devised for causing radial 
deflection of a circular time base involved the use of 
a balanced amplifier system. This method dates back 
to 1932 and was initially developed in England! In 
order to utilize the circuit (Fig. 13-2) to the best ad- 
vantage, a cathode-ray tube in which each deflection. 
plate has a separate external connection is employed. 
Let us examine this circuit and see how it produces a 
circular time base as well as radial deflection of trace, 
when the signal to be observed is applied. 

‘The sinusoidal signal used to produce the circular 
time base by means of two 90° out-of-phase signals is 
applied across a resistance-capacitance phase shifter, 
RI-C1 in Fig. 13-2. The reactance of capacitor C1 is 
‘equal to the resistance of R1 at the frequency of the , 
applied signal, so that the voltages developed across 


1The Staff of The Radio Research Station, Slough, “A cir- 
cular time-base giving radial deflections, for use with the cath- 
ode-ray oscillograph,” Jour, IEE (London), vol. 71, р. 82, 
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Fig, 13-2—Balanced amplifier circuit for producing radial deflection for a circular time base. 


both components are equal, resulting in a circular and 
not an elliptical time base. Thus, we have the two equal 
90° out-of-phase voltages to produce the circular trace, 
but you will notice that they are applied to the deflec- 
tion plates through two pairs of amplifying tubes con- 
nected for push-pull operation. The tubes are employed 
primarily as a means of introducing the modulating 
signal (the signal to be observed) in such a manner 
that it will radially deflect the circular time base. Be- 
fore we discuss how the modulating signal is intro- 
duced, let us see how the amplifier circuit keeps the 
signals applied to the deflection plates 90° out of phase. 
Let us first consider the circuit consisting of push- 
pull amplifiers V1 and V2, The voltage appearing at 
the top of the secondary winding of T1 is 180° out of 
phase with that appearing at the bottom, since equal 
and opposite voltages are induced into the secondary 
with respect to the center tap; hence, equal, but 180° 
out-of-phase voltages appear at the grids of V1 and 
V2. Due to the'inherent phase-inversion quality of an 
amplifier, the signals appearing at the plates of these 
two tubes are 180° out of phase with the signals at 
their respective grids. This means that the signal be- 
tween the plate circuits of V1 and V2 bave the same 
polarity as that across the primary of T1. 
Resistors R2 and R3 serve as the plate loads for 
tube V1 and V2, respectively. The output signal from 
each one of these tubes appears across its load resistor 


and is coupled to the vertical-deflection plates as seen 
in Fig. 13-2, Capacitor C6 serves to couple the signal 
from V1 to one vertical plate, and capacitor C7 couples 
the signal from tube 72 to the other deflection plate. 
Thus we see that the signal appearing across capacitor. 
C1 of the input phase-splitting network finally appears 
amplified in magnitude across the vertical-deflection 
plates. 


Since the bottom half of the circuit, consisting of 
push-pull amplifiers V3 and V4, is identical to the 
upper half, we can readily understand that the signal 


in the same relative phase, since possibly phase shifts 
introduced by capacitors, etc. will be identical for the 
upper and lower halves of the circuit, and therefore, 
will not affect the 90° relative phase between the ver- 
tical and horizontal plates. ۴ 

The circuit must be perfectly balanced if a true cir- 
clar trace is to be formed. In other words, center-tap. 
transformers T1 and 72 must be exactly the same so 
that the signal inputs to the four tubes are the same 
in magnitude and of the proper phase ; the tubes them- 
selves must all be the same and accurately matched. ` 
‘The plate and grid voltages on the tubes must be the , 
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same; the plate-load resistors R2, R3, R4, and RS 
must all be equal, as well as coupling capacitors Có, 
C7, C8, and C9. Resistors Ró, R7, R8, and R9 are all 
equal and help match the deflection plates to the am- 
plifier circuit. Of course, with the circuit balanced, the 
deflection sensitivities of each pair of defection plates 
must also be the same to produce a circular trace. How- 
ever, since cathode-ray tubes exhibit slight differences 
in deflection sensitivity between the plates due to their 
geometrical construction, these must be taken care of 
by proper circuit adjustments, 

The grids of all the tubes have the same bias ap- 
plied by being connected to the C battery, as indicated 
in Fig. 13-2. The signal to be examined, that which 
will radially modulate the circular trace, is applied to 
the grids in series with the bias voltage. The tubes are 
biased to the point where they will be operating over 
a nonlinear portion of their i-e transfer characteristic. 
This is a necessary condition for the proper function 
of this circuit. As in most modulation systems, for the 
modulating signal to show up in the output in conjunc- 
tion with the carrier, or time-base signal in this case, 
sum and difference frequencies must exist in the out- 
put circuit. Such sum and difference frequencies are 
brought about only by operating the tubes over a non- 
linear portion of the transfer characteristic. If the 
linear portion of the transfer characteristic were used, 
then the modulating signal, which is applied in the 
same phase to the grids of each tube, would cancel out 
in the output load circuit, because equal and opposite 
currents would flow through the load resistors. 

‘The signal to be observed should be of a higher fre- 
quency than the time base. Capacitors C2, C3, C$, and 
C5, which are all of the same value, serve as a low- 
impedance path to this input modulating signal. Since 
the signal to be observed is applied in the same phase 
to each grid, it by itself will not produce any deflection. 
of the spot, but when acting in conjunction with the 
time-base signal, it will modulate this latter signal in 
the four tubes. Hence the signal to be observed in effect. 
controls the diameter of the circle, thereby causing 
radial deflection. 

The radial deflection of the circular trace is propor- 
tional to the instantaneous voltage of the applied modu- 
lating signal. Assuming the signal to be observed is a 
sine wave, then during its positive half-cycles, the in- 
stantaneous bias on the grid will decrease (ie., the bias 
will become less negative), thereby causing the instan- 
taneous radius of the circle to increase from its steady- 
state value, in proportion to the amplitude of the posi- 
tive half-cycle of the sine wave. During the negative 
halí-cycle, the instantaneous bias will increase propor- 











tionately, causing the radius of the circle to be smaller 
than its steady-state value. The result of this action is 
evident in the drawing of Fig. 13-1A. 


Modified Circuit Using Pentodes 


A modification of the circuit of Fig. 13-2 employs 
pentode tubes instead of triodes. This circuit appears 
in Fig. 13-3, and, as can be seen, is quite similar to the 
previous circuit studied. The primary difference be- 
tween the two circuits is that in the one employing 
pentode tubes, the signal to be observed is fed into the 
screen-grid circuits rather than into the control-grid 
circuits, Because of this method of signal introduction, 
grid capacitors C2, C3, C4, and C5 of Fig. 13-2 are no 
longer needed, and the center taps of the secondaries 
of T1 and T2 are, therefore, grounded, 

You will also notice that a bias battery is no longer 
being used, the necessary bias being obtained by the 
voltage drop across cathode resistors R2 and RJ. The 
circuit is balanced in a similar manner to the previous 
one. That is, with the deflection sensitivities of both 
sets of deflection plates assumed equal, each amplifier 
is completely symmetrical with respect to ground, and 
the components comprising the vertical amplifier dupli- 
cate those of the horizontal amplifier. Again, since the 
deflection sensitivities of the two sets of plates are not 
quite equal in practice, slight circuit adjustments must 
be made to obtain equal horizontal and vertical deflec- 
tion. The same supply voltage is used for the screen 
and plate circuits, the screens of all tubes being directly 
connected together, with R12 serving as a common 
screen dropping resistor. 

By now it should be readily understood that with- 
‘out an input signal applied to the screen grids, a circu- 
lar trace will be produced upon the screen of the 
cathode-ray tube. Of course, the resistance RZ must 
be equal to the reactance of CZ at the frequency of 
operation, to produce two equal 90° out-of-phase sig- 
nals. The diameter of the trace depends upon both the 
bias on the tubes and the strength of the time-base 
signal input. 

In order to cause radial deflection of the circular 
trace, the input signal must modulate the time-base 
signal and thus produce sum and difference frequen- 
cies in the output of both push-pull networks. Again, 
to achieve this, the input signal must operate over a 
nonlinear portion of the plate-current screen-grid 
voltage (irta) transfer characteristic. In this circuit, 
it is the B+ voltage on the screen grid which deter- 
mines the operating point of the input signal. In order 
for the signal to operate over the nonlinear portion of 
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Fig. 13-3—Modified balanced amplifier circuit using pentodes ; the signal to be observed is fed into the screen-grid circuits, 


this iy-esp characteristic, the screen voltage has to be 
lower than the plate voltage of the tubes. The exact 
value of the bias and plate voltage of the tube will de- 
termine which curve of a family of iy-e,, characteristics. 
the modulating signal is to operate over. The B-- po- 
tential on the screen grids is determined by the value. 
of resistor R12. Consequently, we see that the fixed 
B+ on the screen grids in the circuit of Fig. 13-3 plays 
a similar role to that of the fixed bias in the circuit of 
Fig. 13-2, Since the value of screen-grid potential con- 
trols the flow of plate. current, it, therefore, controls. 
the gain of all four amplifiers. In the circuit of Fig. 
13-3, the value of the bias is not as critical as in the 
other circu 

In the circuit of Fig. 13-3, the modulating signal is 
seen to be transformer-coupled through 73 to the 
screen grids of the tubes. This means that if the modu- 
lation signal is sinusoidal, the instantaneous radius of 
the resulting pattern will decrease when the sine wave 
goes positive and increase when the sine wave goes 





negative. What happens is that the modulating signal 
undergoes a 180° phase reversal due to transformer 
Т3. Thus the positive half-cycles of the input signal 
are negative when they reach the screen grids and, 
therefore, cause the plate currents of the tubes to de- 
crease because of reduced screen voltages, and the 
negative half-cycles of modulating signal are positive 
when they reach the screen grid and thus increase the 
screen potentials, and hence the plate currents. 

If the modulating signal is capacitor-coupled di- 
rectly to the screen grids, it will not undergo any phase 
reversal, and the modulation of the trace will then be 
directly proportional to the amplitude of the modulat- 
ing signal in the same direction. However, it does not. 
matter whether the positive halves of the sinusoidal 
modulating signal increase or decrease the plate cur- 
rent, because the reproduced pattern will look the same 
in either case. This will be true for any modulating sig- 
nal in which the positive and negative half-cycles are 
mirror images of each other, 
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If the modulating signal is a pulse, the situation is 
different; the polarity of the signal is then important. 
If a negative pulse is fed directly to the control grids 
in Fig. 13-2, the plate currents of the tubes will de- 
crease and the circular trace will be deflected inward. 
This is indicated in pattern (A) of Fig. 13-4, where a 
single pulse is shown deflecting the trace toward the 
center of the circle. If a negative pulse is applied across 
the primary of T3 in Fig. 13-3, then it will appear in 
the resultant pattern going radially outward as indi- 
cated in (B) of Fig. 13-4. 

When the signal to be observed is fed to the screen. 
grids of the amplifiers, it has to be considerably 
stronger than when fed to the control grids to produce 
the same amount of radial deflection. A strong input 
signal to the screen grids is easily obtained from a stage 
of preamplification. A simple circuit illustrating this is 
shown in Fig. 13-5, The modulatng signal input is fed 
to the grid of the tube via a C1-R1 coupling arrange- 
ment. The bias for the tube is obtained by the voltage 
drop across the cathode resistor R2. Capacitor C2 
serves аз a bypass to the signal currents, КЗ is the 
screen dropping resistor, C2 is the screen bypass ca- 
pacitor, and R¢ is the plate load resistor, 











The screen grids of the circuit of Fig. 13-3 are di- 
rectly connected to the plate of the amplifier of Fig. 
13-5, thus directly coupling the amplified modulating 
signal. Transformer ТЗ and resistor R12 of Fig. 13-3 
are no longer required. Thus, the screen grids of the 
push-pull amplifiers have the same B+ voltage as the 
amplifier of Fig. 13-5. Since there is an inherent 180° 
phase shift between the control grid and plate circuit 
of an amplifier, a negative input modulating pulse will 
appear at the screen grids of the push-pull amplifiers 
as a positive pulse. In like manner, a positive pulse in- 
put will appear as a negative pulse at the screen grids. 





Bt 





Fig. 13-6—A simplified phase-inverter circuit for producing 
a circular sweep. 


Instead of using transformers T1 and T2 in Fig. 
13-3 to impress 180° out-of-phase, but equal ampli- 
tude, signals upon each set of push-pull grids, it is 
possible to employ some form of phase-inverter cir- 
‘cuit. A simplified arrangement of such a circuit is 
shown in Fig. 13-6. Capacitor C1 and resistor RJ form 
the usual phase-splitting circuit with the voltages 
across each component equal but 90° out of phase, The 
voltage drop across C1 is applied to the grid of phase- 
inversion tube V1 and the drop across Ri is applied 
to the grid of phase-inversion tube 2, Since there are 
по bypass capacitors in the cathode circuits, the signal 
currents flowing through each tube will cause a voltage 
drop across both the plate and cathode load resistors. 
‘The signal voltage drops across the cathode and plate 
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load resistors of each tube are 180° out of phase with 
each other, however, due to the normal tube action. By 
making these resistors of the same value, the signals 
fed to the grids of each push-pull amplifier system will 
be opposite in phase, but equal in amplitude. For 
complete symmetry of the circuit, grid resistors R2 
and R3 are made equal, as well as load resistors R4, 
R5, Ró, and R7. Capacitors C2, C3, C4, and C5 are 
also all equal, and serve to couple the signal voltages 
to the push-pull grids, A phase-inversion system of a 
different type, however, is used in the circuit of the 
Du Mont Type 275A Cathode-Ray Polar Co-ordinate 
Indicator, discussed in Chapter 22. 


Radial Deflection by Means of 
Additional Electrodes 


There are two principal methods whereby a circular 
trace can be radially deflected by use of additional ele- 
ments inside the cathode-ray tube, Both of these sys- 
tems have previously been discussed in Chapter 6 with 
reference to the J scope and the truncated-cone scope. 
The truncated-cone system predates the J scope. In 
both systems, two sets of deflection plates are used in 
‘conjunction with the additional electrodes. 

‘The circular trace is produced by feeding the input 
signal to any simple 90° phase-splitting network and 
applying the individual outputs from this network to 
each set of deflection plates, The signal to be observed 
which modulates the circular trace is fed to the addi- 
tional electrodes, whether it be the truncated cones or 
central terminal on the J scope. What happens is that. 
the modulating signal sets up an additional electro- 
static field around these new electrodes, the instan- 
taneous polarity of the signal determining in which 
direction the beam will be deflected, 

Examine Fig. 13-7. Part (A) of this drawing shows 
‘a cross section of a J-type cathode-ray tube with the 
central deflection electrode. With the modulating sig- 
nal fed between the center electrode and the aquadag 
coating, it can be readily understood that an electro- 
static field will exist between these two elements due 
to the applied signal. Since the electron beam (which 
forms the circular trace upon the screen) rotates in the 
space between th€ aquadag coating and the central 
electrode, it will be affected by this new electrostatic 
field. 
Tf a negative pulse is fed to these electrodes as indi- 
cated in the drawing, the aquadag coating will become 
positive with respect to the central electrode. Since the 
beam is in itself a stream of negative electrons, it will 
be deflected toward the positive electrode, in this case 
the aquadag coating. This is the same thing as saying 









 AQUADAG 
COATING 
(2nd ANODE) 
INPUT 
уг MODULATING 


SIGNAL 


‘CENTER 
ELECTRODE 


ROTATING 
ELECTRON 
BEAM 





INPUT 
V MODULATING 
SIGNAL 


Fig. 13-7—Radial deflection produced by an additional 
electrostatc fed m the cathode-ray tube using (A) a central 
electrode and an aquadag coating, and (B) a set of truncated 
сопе deflection plates. 


that the beam will be deflected away from the negative 
terminal, which is the central electrode. In other 
words, a negative input pulse increases the instan- 
taneous radius. This method of operation is usually 
employed in the radar units where such a tube is used. 

In part (B) of Fig. 13-7, we see a cross-sectional 
view of a typical cathode-ray tube employing trun- 
cated cones for radial deflection. One cone is usually 
connected to the second anode; in the drawing, this 
electrode is the outside cone which is shown grounded, 
The electron beam producing the circular trace ro- 
tates in a path through the space bounded by these two 
truncated cones. Thus a signal applied between the two 
cones will set up an electrostatic field which will act 
upon the beam. If the input signal is a negative pulse, 
the inner cone will be negative with respect to the 
outer one during the pulse period and will repel the 
beam radially outward. This can be looked upon as 
either a repelling effect between the negative inner 
‘cone and the beam of negative electrons, or an attract- 
ing effect between the positive outer cone and the beam 
of electrons. 











Phase Splitter Used in the J Scope 


In the variety of radar sets in which the J scope has 
been employed, the two 90° out-of-phase signals nec- 
‘essary to form the basic circular trace were not usually 
obtained from a simple R-C phase-splitting network. 
‘The original signal before phase splitting was nor- 
mally obtained from some crystal oscillator and then 
transformer-coupled to the phase-shift network. If the 
unit in which the oscillator was housed was separated 
from the oscilloscope unit, then some transmission- 
line coupling arrangement between the two units must. 
be used. When this is the case, we have to consider the. 
problem of impedance matching between the trans- 
mission line and the two units. 

Asanillustrative example, we will examine the basic. 
circuit arrangement used to produce the circular sweep. 
in the J scopes of the SCR-584 radar unit of the U. S. 
Army. This circuit appears in Fig. 13-8, Inductances 
L1 and L2 are part of a double-tuned transformer, and 
are loosely coupled to each other. Inductances L3 and 
L4 are two individual coils which are tightly coupled 
to inductances L1 and L2, respectively. Coils L3 and 
L4 are grounded at one end and the other ends are 
each connected to one lead of a transmission line. For 
Proper operation, the voltages appearing across L3 
and Lf must be 90* out of phase. Before we discuss. 
the remainder of the circuit, let us see how the 90* 
‘out-of-phase voltages are obtained. 

The L1-C1 tuned circuit is connected to the plate 
of the crystal oscillator. Since the circuit is tuned, it is 
a pure resistance at its resonant frequency, and hence 
the current and voltage in thia circuit are ín phase with. 





each other. This is indicated in the vector diagram of 
Fig. 13-9, where i, is the current vector and e, the 
voltage vector. It is a fact that the voltage induced into 
a secondary coil is 90° out of phase with the current 
flowing in the primary, This is true whether or not the 
coils are tuned. Thus, in the vector diagram, we draw 
the induced voltage ey of the L2-C2 tuned circuit 90* 
away from i, the primary current vector, Since this. 
latter circuit is also tuned, at resonance its current 
is in phase with voltage ey. From the vector diagram, 
‘we see that the voltages in the L1-C1 and L2-C2 tuned 
circuits are 90° out of phase. 





Fig. 13-9—The phase re- 
lation of the and 
current vectors ol LI, L2, L3, 
and 14 in Fig. 13-8 are indi- 
‘ated bere. 





Inductance L3, being coupled to coil L1, will have 
an induced voltage which is 90° out of phase with the 
current i, in the L1-C1 network. Likewise, the induced 
voltage into 4 from the L2-C2 tuned circuit will be 
90° out of phase with current i. This phase relation- 
ship is indicated in Fig. 13-9, where vector e, is the in- 
duced voltage in coil L3 and vector e, is the induced 
voltage in coil L4. From the vector diagram, we find 
then that the induced voltages e, and e, which appear 
across coils L3 and L4, respectively, are 90° out of 
phase. 
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Now let us return to the circuit of Fig. 13-8. A 
transmission line is the connecting medium between 
the oscillator circuit and the oscilloscope unit, which 
are both housed on different chassis. The transmission 
line has a low characteristic impedance; hence, the 
sweep voltages from the two tuned circuits have to be 
stepped down for proper impedance matching to the 
cable, In other words, L1 and L3, and also L2 and L4, 
are in effect two step-down transformers. The two 
voltages across L3 and L4 are coupled by one trans- 
mission line to coils L.5 and Ló to couple the signals to 
the oscilloscope. Note that coils L5 and Ló also have 
one end grounded. 

The transfer of these two voltages to coils L5 and 
L6 may not be immediately evident from the circuit of 
Fig. 13-8. In order to illustrate this voltage transfer, 
refer to the simplified transmission-line circuit in Fig. 
13-10, Since each coil has one side grounded, the cable 
in conjunction with the ground connections effectively 
act as two paths of transmission. Thus coil L3 is in 
parallel with coil L5 and coil L4 is in parallel with coil 
Ló, and hence the two 90° out-of-phase voltages also 
appear across coils LS and Ló. 








t3 ts 
Fig. 13-10—Simplifed 
transmission-line 
of Fig. 13-8. 
La 6 


To maintain a continuous impedance match and to 
supply a high-voltage sweep signal for electrostatic 
deflection, the voltage output from the transmission 
line is stepped up. Thus, in Fig. 13-8, T1 and T2 are. 
both step-up transformers, with coils L5 and Ló hav- 
ing the lower number of turns. The output from these 
two coils is transformer-coupled to inductances L7 
and Lê, respectively. The inductances of these latter 
coils can be varied by iron slg adjustments; L7 and 
L8 form tuned circuits with their respective parallel 
capacitors, C3 and C4. These tuned circuits are pre- 
adjusted to the crystal oscillator frequency. 

From our analysis, it is clear that the voltages in- 
duced in coils L7 and L8 are also 90° out of phase with 
‘each other. These voltages are then capacitor-coupled 
to each set of deflection plates as shown in Fig. 13-8. 
Consequently, we have the required 90° out-of-phase 
voltages across the defection plates. 


The degree of coupling between the coils and the 
symmetry of the circuit are the deciding factors that 
help make these two voltages in question equal in am- 
plitude so that a circular trace, and not an elliptical 
one, is produced in this radar unit. While we are on 
the subject of radar, let us see how radial deflection is 
utilized in many radar systems, 


Application of Radial Deflection in Radar Systems 


We have mentioned before that the use of a circular 
trace is one method of enlarging the time baseline, We 
should remember that the spot travels in the circular 
path at a linear rate of speed. This means that for equal 
periods of time, the spot traces out the same distance 
along the circumference for each period. In the major- 
ity of radar sets, the 90° phase difference between the 
two input signals at the deflection plates is such that 
the spot traces out the circular path in a clockwise 
direction. 

J scopes, when used in radar units, act as range 
scopes. In other words, they are used to determine 
distances from one point to another by means of radial 
deflections from the circular path which is calibrated 
on a linear scale. The exact calibration is dependent 
upon the rate of spot travel, and hence on the fre- 
quency of the sweep signal. Thus, if the frequency of 
the sweep signal is 10,000 cps, then the spot will trace 
the circular path 10,000 times in one second. One 
revolution of spot travel will, therefore, be completed 
1/10,000 of a second, or in 100 microseconds. If the 
circumference of the circular trace is divided into 20 
equal segments, each segment will represent a time 
lapse of 5 microseconds, and if divided into 40 equal 
segments, each would represent a time lapse of 2.5 
microseconds. With the basic method of calibration 
known, let us see how it is used to measure distance 
in radar systems. 

A radar signal, which is an electromagnetic wave of. 
very short wavelength, travels at the speed of light, 
namely at 186,300 miles per second. Thus, if a radar 
signal travels 18.63 miles, it will have traversed this 
distance in 18.63/186,300 seconds, or in 100 micro- 
seconds. Radar signals have the property of being re- 
flected from metal objects or mountains similar to a 
sound wave. The reflected signal in either case is com- 
monly known as an echo, To determine the distance 
from some specific target, such as a gun installation. 
or airplane, the directional antenna of the radar set 
is pointed in the direction of the target, and the sya- 
tem transmits a sharp pulse of very short time dura- 
tion. (The time duration of the pulse is very much 
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smaller than the time it takes to complete one revolu- 
tion of the circular trace.) At the instant that this pulse 
is transmitted, it is also registered on the screen of the 
tube as a radial deflection along the circular trace at 
some specific starting point. The design of most radar 
units is such that the pulse, when it is applied to the 
central deflection electrode of the J scope, is negative, 
which assures an outward radial deflection. The pulse 
will appear similar to that indicated in Fig. 13-11, 
where it is labeled as the “Main Pulse.” 





MAIN PULSE 





CIRCULAR 
TRACE 


6150 
CALIBRATED, 
SCALE 


Fig. 13-11.—The distance from 
reflecting object is obtained directly by reading the clockwise 
distance from the beginning of the main pulse to the echo 
pulse on the face of the J scope shown here. 


The radar antenna picks up the return echo, which 
is also in the form of a pulse, and passes it on to the 
central electrode of the J scope after proper amplifi- 
cation. The echo pulse is fed to this electrode in the 
same polarity as the main or transmitted pulse so that 
it will also cause an outward deflection of the circular 
trace. The time lapse between the transmitted and 
received, or echo pulse is the time taken by the pulse 
to travel fo and from the target. 

Let us refer to Fig. 13-11 once again. The time it 
takes the sweep signal to complete one revolution of 
the trace is, according to our previous example, 100 
microseconds (with a sweep frequency of 10,000 cps). 
The calibrated scale seen around the outside of the 
trace is divided into 40 equal divisions so that each 
represents a time lapse in the spot travel of 2.5 micro- 
seconds. For the moment, let us neglect the distance 
calibration on the outside of this scale. Starting from 
the main pulse, the echo or received pulse is seen to 
be picked up nine divisions away from the starting 
point, This means that 9 X 2.5 or 22.5 microseconds 
have elapsed between transmission of the main pulse 
and reception of the echo pulse. Since the distance 
between pulses is twice the distance to the target, only 


11.25 microseconds of time have elapsed in reaching 
the target. 

On the basis of the speed of radar waves, in 11.25 
microseconds, a radar wave will travel 186,300 x 11.25 
X 10-* miles, or approximately 2.1 miles. Since there 
are 1,760 yards in a mile, this distance is approximately 
equal to 3,690 yards. Thus the target is 3,690 yards 
away from the radar system 

Since the scale is supposed to represent distance to 
the target (i.e, one-half the total distance), it should 
be calibrated on the basis of 50 microseconds for one 
full revolution, instead of 100 microseconds. There- 
fore, instead of using 18.63 miles or 32,800 yards as 
full-scale calibration of the circular scale, only half, or 
16,400 yards, is the actual full-scale calibration em- 
ployed. Hence, if the received pulse is just about co- 
incident with the transmitted pulse, it took the trans- 
mitted pulse approximately 50 microseconds to reach 
the target 16400 yards away. The calibrated scale in 
Fig. 13-11 is, therefore, based on 16400 yards as the 
maximum distance for one revolution, each of the 40 
equal divisions representing a distance of 410 yards. 
Therefore, all the radar operator has to do is to read 
the target distance in yards next to the echo (smaller 
pulse). 

The magnitude of the received or echo pulse indi- 
cates whether the antenna is lined up in the direction 
of the target. Hence, a maximum echo pulse tells us 
that the antenna is pointed directly at the target. 

Two such J scope arrangements can be used to- 
gether, each with a different sweep frequency and 
hence with differently calibrated scales. One can be 
used for coarse distance determination and the other 
asa vernier scale. 











Mechanical Generation of Circular Trace. 


Another method of forming a circular trace on the 
cathode-ray tube is to use a special two-phase gener- 
ator? The output from this generator, if sufficiently 
large, can be fed directly to the deflection plates of the 
cathode-ray tube, or it can be fed through an amplifier 
arrangement similar t those previously discussed. 
Whatever system is used, the two 90° out-of-phase 
signals should have the same magnitude in order to 
produce a circular trace. For radial deflection of the 
beam, either the J scope, or the truncated cone with 
the special amplifier arrangements shown in Figs. 13-2, 
13-3, or 13-6, may be used. 


Ты бону o wo gbase generatora can be found in most 
good texts on a-c: 
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Inthe Du Mont type 275A oscilloscope,” such a gen- 
erator is used in conjunction with an amplifier ar- 
rangement for radial deflection, Of its many possible 
uses, the chief application of this unit is the study of 
all types of rotating machinery. The shaft of the gen- 
erator is normally coupled to the shaft of the rotating 
equipment from which the signal to be observed is 
obtained. The equipment has been used for the testing. 
‘of automobile and aircraft engines. According to the 
manufacturer of this unit,‘ timing, chatter, and valve 
adjustment for each cylinder may be displayed with 
respect to crankshaft angle. Vibrations may be located, 
detonation (knock) studied, fuels of different octane 
ratings distinguished, and carburetor adjustment 
facilitated 

‘The crankshaft is coupled to the generator shaft. The 
generator will thus be driven at the same speed as the 
engine. The circular trace rotates at the speed of the 
crankshaft and is, therefore, automatically synchro- 
nized, The operation of each cylinder is displayed 
around the circular trace at approximately equal 
intervals. 

The circuit arrangement of Fig. 13-12 is that em- 
ployed in the Du Mont laboratory for the analysis of 
the ignition system of a six-cylinder automobile engine. 
This laboratory setup duplicates the ignition system 
and permits a study of interrupter adjustment and 
operation and also a check on spark-plug firing and 
electrode spacing. An electric motor was used to drive 
the interrupter, distributor, and the two-phase time- 
base generator. For operation in an automobile, this 
generator may be coupled to the accessory shaft, either 
directly or through an auxiliary tachometer shaft. 

















‘The complete schematic and circuit description of this unit 

is included in Chapter 22. 
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Fig. 13-12—A two-phase genera- 
tor produces the circular sweep here 
‘used to study the ignition system of a 
six cylinder a le engine. 





Courtery Du Mont Labs, 


The performance of the interrupter may be deter- 
mined from a study of Fig. 13-13. These oscillograms 
show a pulse of voltage generated each time that the 
contacts were opened by the cam. In general, the oscil- 
logram is not a simple square-pulse pattern because of 
the inductance of the coil and the capacitance across 
the interrupter. The correct setting of the contacts can 
be accurately determined because the effect of each 
adjustment can be observed on the cathode-ray tube. 
Part (A) of Fig. 13-13 shows the appearance of the 
oscilloscope pattern when the distributor contacts are 
correctly adjusted. When they are slightly out of ad- 
justment, the pattern will appear as shown in part (B). 
In this pattern, a slight contact bounce is evident from 
the series of uneven oscillations in each trace. A greater 
misadjustment will produce a more pronounced bounc- 
ing effect, as shown in pattern (C). 
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The performance of the ignition system may be ob- 
served if the “Ignition Demonstration” switch is at the 
position shown in Fig. 13-12; in this setting, the 
"Radial Signal Input" terminals are connected across 
the primary winding of the ignition coil. 








Fig. 13-14, — Oscillogram. 
containing the traces of each 
of the six spark plugs in a 


six-cylinder engine. 


Courtesy Dv Mont Labs 


Fig. 13-14 is a composite oscillogram containing six 
separate traces, one for each spark plug in the ignition 
system of a six-cylinder automobile engine. Each trace 
is an oscillogram of the shock oscillation voltage across. 
the primary winding of the ignition coil during the 
interval that the high secondary voltage is applied to 
a particular spark plug. From these traces, it is possible 
to determine whether a plug is firing, the length of the 
firing period, etc, and consequently, the electrode 
spacing and condition of the corresponding plug. 

The trace for the first plug in Fig. 13-14 represents 
a plug that fails to fire because the electrodes are spaced 
too far apart to permit breakdown. Inspection of the 
oscillograms for plugs 2, 3, 5, and ó reveals that the 
amplitudes of the traces suddenly diminish, that is, 
they are quickly damped out, The exponential decrease 
in voltage is due to the loading of the coil and is evi- 
dence that these plugs are firing normally. 

Because the spark plug and the gap in the distrib- 
utor are in series, the applied voltage is across the dis- 
tributor when a plug is shorted. A shorted plug may 
be identified by an oscillogram such as that shown for 
plug 4 in Fig. 13-14; the indicated breakdown period 
is longer than that for a plug which is firing normally. 
This occurs because a voltage below the minimum re- 
quired for the maintenance of the spark between the 
two gaps in series is sufficient to sustain a spark across 
the distributor alone. Thus defective spark plugs may 
be quickly located using this technique, avoiding the 
usual cut-and-try methods. Similarly, this method may 
be applied to the timing and adjustment of any type 
‘of rotating machine. 











РЫ Trace of re: 
formance Орай 
with an oscilloscope using a 


two-phase generator driven 
by a synchronous motor. 





Relay performance can also be checked by means of 
this method. The photo appearing in Fig. 13-15 shows 
the bounce of the moving arm of a relay directly after 
activation, The small semicircle at the left of the figure 
represents the time before activation, Radial deflec- 
tions at the top of the figure indicate bouncing at the 
time of activation. The larger semicircle at right rep- 
resents the rest period of the activated relay arm after 
bouncing had subsided. This oscillogram was obtained 
by driving the two-phase generator with a synchronous 
motor, and applying a d-c potential through the relay 
contacts to the radial input of the oscilloscope, 





Spiral Time Bases. 


Sometimes the lincar, and even the circular, time 
base may not be long enough to record certain data. 
Also, due to the special nature of the phenomena ob- 
served, the circular time base may not produce the 
required accuracy of measurement. The spiral time 
bases fil the necd for longer time bases and are con- 
venient for use in radar and industrial applications. 









3-16.— An. ideal 
spiral time base showing 
four revolutions. 


Spiral time bases are evolved from circular time 
bases. Fig. 13-16 illustrates an ideal spiral time base 
which has undergone four revolutions or turns. The 
length of such time bases can be varied easily by simply 
changing the number of turns of the spiral. The beam. 
spot rotates at a constant rate of speed so that equal 
divisions along the spiral represent the equal incre- 
ments of time. Let us see how such time bases are 
formed. 
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As there are a number of different methods of pro- 
ducing a circular time base, there are also various ways 
of producing a spiral time base. For the moment, as- 
sume that a circular sweep signal has been produced 
in the conventional manner and the trace is displayed 
upon the screen. The beam spot continuously traces 
‘out the circular path as long as the sweep signal is 
applied. The diameter of the circular trace depends 
upon a number of factors, such as the amplitude of the 
applied sweep signal and the gain of the amplifiers to 
which the sweep signal is fed. If the amplitude of the 
sine wave causing the circular sweep signal or gain 
of the amplifiers is varied in a linear manner, then the 
spot, instead of tracing out a single circle, will trace 
Out a spiral, provided the circular speed of the beam 
is considerably greater than the linear speed, The 
linear variation of the amplitude, and hence the diam- 
eter of the circular time base is easily obtained by use 
of a linear time-base generator or a sawtooth poten- 





SINE WAVE 
SIGNAL, 
INPUT 


Fi. 1527 implied ciel for prodcing a radial defo- 
a spiral sweep. 


tiometer. The generator can be any one of the number 
of forms (see Chapter 9) that will produce a sawtooth 
voltage output. 

‘The input circuit of Fig. 13-2 is repeated in Fig. 
13-17, but in the latter circuit, a thyratron sawtooth 
generator is used to vary the gain of the two sets of 
push-pull amplifiers by changing the bias on the grids. 
Note thatthe sawtooth signal is fed to the grid in series. 
with the battery voltage and the modulati 
put. Part of the sine-wave signal input 
grid of the thyratron to insure synchronization of the 
sawtooth with the sine-wave time-base signal, so that 
a stationary pattern appears upon the screen, 
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Fig, 13-18—Circuit for obtaining a spiral sweep using 


The gain of the amplifiers can also be varied linearly 
by applying a sawtooth signal to the screen grids of the 
push-pull amplifiers. The circuit arrangement of Fig. 
13-18 illustrates this. Tube V is the same amplifier 
as that in Fig. 13-5, which is used to amplify the modu- 
lating signal before it is applied to the screen grids of 
the push-pull amplifiers. Tube 72 is a thyratron saw- 
tooth generator which is used to vary the gain of V1 ` 
and hence the gain of the push-pull amplifiers. The 
gain of V1 is varied by applying the sawtooth signal 
toits screen grid. 

Let us examine the circuits shown in Figs. 13-17 
and 13-18, and see how the spiral time base is formed. 
For the moment, let us assume that the modulating - 


signal is not yet applied, and that the frequency of the 
applied time-base sine wave is four times that of the 
sawtooth signal. This means that four turns of a spiral 
trace will appear on the screen of the tube. Refer to 
Fig. 13-19, Parts (A) and (B) represent the sine- 
wave and sawtooth signal, respectively, while (C) 
shows the shape of the resultant signal. Two such sig- 
nals, 90° out of phase, appear across each set of de- 
flection plates, The dashed lines of part (C) indicates. 





spiral turns are shown in part (D). Since the ampli- 
tude of the sawtooth increases linearly with time 
(hence decreasing the bias on the time-base generator 
and increasing its gain), the spiral time base will open 
outward from the center of the spiral. The radius of 
the first spiral turn depends upon the minimum gain 
of the amplifiers. If the frequency of the sine wave is 
not an integral multiple of the sawtooth, the spiral will 
not remain stationary, but will revolve. 

The rotation of the spot in tracing out the spiral time 
base depends upon the relative angle of lead or lag 
between the two 90° out-of-phase sine waves at the 
deflection plates, In the illustration of Fig. 13-19D, the 
spot is shown as traveling counterclockwise. During 
the first cycle of the sine wave of Fig. 13-19, time a to 
b, the amplitude of the sawtooth increases, and the first 
turn of the spiral is traced out from point a to Б. During 
the next cycle of the sine wave, the spiral is traced out 
from point b to c, during the third cycle from c to d, 
and for the fourth cycle from d to e. Because the saw- 
tooth wave is linear, the radial separations between 
spiral turns are all equal. Although not shown in Fig. 
13-19D, if not blanked out, a retrace would appear 


from point ¢ to a, provided it occupies negligible time 
їп comparison with the complete cycle of the sawtooth 
wave. Such an ideal retrace was indicated in Fig. 
13-16. 

When a modulating signal is applied to the circuit 
shown either in Fig. 13-17 or in Fig. 13-18, the spiral 
trace will be radially deflected. The position of the 
radial deflection along the spiral is dependent upon 
the time elapsed between the sweep initiation and the 
application of the modulating signal. For the circuits 
under discussion, the modulation voltage applied to 
the deflection plates will be increased along with the 
gain of the amplifiers. This means that the amplitude 
of a pulse will be progressively increased along each 
turn of the (outgoing) spiral. 

This is best indicated in Fig. 13-20. Pulses a, b, and 
c represent a periodic signal which has the same repe- 
tition frequency as the input sine wave. This means 
that one pulse will appear along each turn of the spiral. 
along the same radial line. The actual amplitude of the 
input pulse is constant, but, as is seen from Fig. 13-20, 
pulses a, b, and c on the oscilloscope have different 
amplitudes. These differences in amplitudes are in 
proportion to the gain of the amplifiers at that instant, 
If point O represents the center of the spiral, then the 
radius of the first spiral turn is indicated by dimension 
OA, the radius of the second spiral turn by OB, and 
that of the third by OC. The proportional relationship 
between the radii and the pulse amplitudes is expressed 
as follows 
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eight of pulse a ~ height of pulse b height of pulse c 
‘This is evident from the drawing. 

‘The discussion thus far was limited to the case where 
producing the spiral time base. If the amplitude of the 
input sine wave is varied linearly, before it is phase- 
split, then it is possible to use a J scope to produce the 


тї 
i 
ait "ut 





I 





490 ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 


spiral trace, in conjunction with the amplifier system. 
Whatever system is used, if the amplitude of the sine- 
wave time-base signal is varied linearly, before ampli- 
fication, then the modulating signal will cause the same 
amount of deflection, regardless on which spiral turn 
it appears, Thus a periodic pulse with the same repe- 
tition rate as the frequency of the input sine wave will 
produce equal-amplitude pulse defiections along each 
spiral turn. This is indicated by pulses d, e, and f, in. 
Fig. 13-20. 


Spiral Time Base Produced 
by Damped Oscillations 

Tn the spiral time bases dicussed thus far, the spiral 
‘opened outwardly because of the increasing amplitude 
of the sawtooth signal. If the applied sawtooth signal 
decreased linearly, then the resultant signal applied to 
the deflection plates would be a damped sine wave. 
This is shown in Fig. 13-21, where part (A) repre- 
sents four cycles of the sine wave, part (B) the saw- 
tooth signal decreasing in amplitude, and part (C) the 
resultant damped sine wave. With the shape of the 
sine wave as shown in (C), the spot in tracing out the 
spiral time base will rotate inward, as indicated by the 
labeling a to e in part (D) of Fig. 13-21. 

From this brief analysis, we surmise that a damped 
oscillatory sine wave can be used to produce a spiral 
time base, Since the amplitude of damped oscillations 
decreases in exponential fashion, the spacing between 
turns of the resulting spiral will not be equal, but will 
decrease in exponential fashion. A spiral of this type 
is known as an exponential or logarithmic spiral. In 
13-22A appears a six-cycle exponentially damped 
sine wave. Part (B) shows the resulting exponential 
spiral, which is seen to have six turns. The letters from 























Fig, 13.22-—The saponental spiral shown in (B) renta 
from an exponentially damped sine. wave (A). The point 
tog on the spiral correspond to points a to g on the sine wave, 








a to g on the spiral correspond with those on the 
damped sine wave. 

Such a damped signal can be produced by using an 
exponential generator (such as a nonlinear sawtooth 
generator) in place of the linear generator of Figs. 
13-17 and 13-18. Another method of producing such 
a damped signal is to shock-excite an R-L-C oscillator 
circuit and use this oscillatory signal as the input signal 
to the phase-splitting network of the deflection system, 
As far as we know, such tests were first conducted in 
England by Rawcliffe.* 

The simplified circuit of this arrangement appears 
in Fig. 13-23. Components R and С аге the phase- 
splitting network and R1-C1-L1 is the oscillatory cir- 
cuit that is in parallel with the phase splitter, A linear 
time-base generator, such as a thyratron or multivi- 
brator, is used to extite the circuit into oscillations, 
Resistance R1 determines the degree of damping of the 
circuit. Since the oscillations are initially caused by 
excitation from the linear generator, the spiral and 
linear base will be in synchronism at all times. The fre- 
‘quency of the oscillatory circuit should be several times 
that of the linear generator in order for a number of 
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Б Engineer 
Fig. 13-23.—A simplified version of a circuit for producing 
an exponential sweep. 








spiral turns to appear. The interesting thing about such 
an arrangement is that the spiral will remain stationary 
по matter what the ratio of these two frequencies. 
However, the shape of the spiral changes with varia- 
ion in ratio, If the frequency of the linear generator 
is increased, the center turns of the spiral appear to 
unwrap themselves with fewer spiral turns resulting. 





In order that the phase-splitting R-C circuit of Fig. 
13-23 shall have a negligible effect on the oscillatory 
circuit, it is necessary to make the impedance of the 
R-C circuit several times that of the capacitive re- 
actance in the oscillatory circuit. The circuit values 
given are merely examples; a wide variety of values 
could be chosen. 

In Fig. 13-24 appear four oscillograms of spiral time 
bases taken by Rawcliffe and obtained from the circuit 
of Fig. 13-23 for different Q values of the oscillatory 
circuit and various frequencies of the linear generator. 
‘The measured circuit Q's and the calculated oscillatory 
frequencies (designated f) for each pattern were as 
follows : For pattern (a), Q = 17.1 and f = 2,280 eps; 
for pattern (b), Q = 16 and f = 1,950 cps ; for pattern 
(с), Q = 13.4 and f = 1,040 eps ; and for pattern (d), 
Q =8and f = 780 cps. The smaller the Q of the circuit, 
the greater the degree of damping, and hence the 
greater the difference in radial separation between each 
successive pair of spiral turns. Thus spirals (a) and 
(b) of Fig. 13-24, which have higher Q’s than the 
spirals shown in (c) and (d), are more evenly spaced 
than the latter two. In fact, the Q of the circuit can be 
determined by certain measurements of the spiral. Ac- 
cording to Rawcliffe 

о = lengthof spiral between two radii 
= ZX difference between these radii 








Consequently, this method can be used as a means of 
determining the Q of certain oscillator circuit 
It is difficult to detect the number of turns in spiral 
(b) of Fig. 13-24: for spirals (a), (c), and (d), the 
number of turns are approximately 934, 3, and 5, re- 
spectively, taking into account the time of the retrace, 
From the number of spiral turns and the known fre- 
quency of the oscillatory circuit, we can calculate the 
approximate frequency of the linear generator used for 
excitation. For spiral (a), f = 2,280 cps and the num- 
ber of turns is approximately 974, so that the frequency 
of the linear generator is 2,280/9.5 or 240 cps, In like 
manner, for spiral (c), the oscillatory frequency is 
1,040 cps and the number of turns about 3, so that the 
linear frequency is 1,040/3 or about 347 eps, and for 
spiral (d), the linear frequency is 780/5 or 156 cps. 
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Fig. 13-24.—Four spiral sweeps obtained by using the cir- 
cuit in Fig. 13-23 with various Q values for the oscillatory 
circuit, and with various linear generator frequencies. 


The discussion of nonlinear sweeps thus far was 
based on cathode-ray tubes of the electrostatic type. By 
proper design of certain circuit constants, the time 
bases studied in this chapter can also be formed with 
cathode-ray tubes employing magnetic deflection. 





Since it is dificult to determine the length of the spiral along. 
the curve, an auxiliary method was devised by the authors for 
determining the Q from the oscillogram, Using this method, 
O = 55, where ry in tbe radius to some turn of the 
spiral, ry is the radius to another turn of the spiral, further 
‘away from the center and measured along the some radius vec- 
tor atr, (Le, ry 7 vj), and n ia the number oí torns completed 
in going along the spiral from ғ, to ry. Hence, if the radii of 
two adjacent spiral turns are measured, n equals 1. 
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From the standpoint of simplicity of design and ease 
of operation, however, the electrostatic type of deflec- 
tion is usually more desirable for producing these non- 
linear time bases. 


Radial Time Base 


If the frequency of the sawtooth generator in the 
spiral time-base circuits of Figs. 13-17 and 13-18 is 
made appreciably greater than the frequency of the 
input sine wave, it is possible to obtain a radial time 
base, rather than a spiral one. If the gain of the ampli- 
fiers in question is varied from zero to a maximum by 
this linear sawtooth wave, then the resulting pattern 
(when the sawtooth frequency is greater) will appear 
as the spokes of a wheel similar to the ideal radial time- 
base pattern shown in Fig. 13-25. If the frequency of 
the linear generator is not much greater than that of 
the sine wave, the spokes of the wheel will have some 
curvature. Let us analyze how a radial time base is 
formed. 


the amplifiers from zero to a maximum, that its fre- 
quency is 10,000 cps and is 20 times that of the sine- 
wave input. Considering the sine-wave input alone, a 
circle will appear upon the screen, as seen in Fig. 
13-26A, and since the frequency of the sine wave is 
500 cps, one circular revolution of the spot will be 
completed in 2,000 microseconds. If only the linear 
sawtooth wave is considered, a single cycle of this sig- 
nal would appear gn the screen of the tube, because the 
вате sawtooth signal is applied to both sets of deflec- 
tion plates. One cycle of the sawtooth wave will be 
completed in 100 microseconds or in 1/20 of the time 
to complete one revolution of the circular sweep. If 
the retrace of the sawtooth is blanked out, only a single 
diagonal line would appear upon the screen. Tf the cir- 
cuits are so adjusted that the start of the sawtooth 
wave is from the center of the screen, the pattern 
‘would appear as shown in Fig. 13-26B. 





te) (0) 


Fig, 13.25-—The formation of a radial sweep, The circular 
trace doe tothe tine wave acting alone (A), when combined 
Sth ee at he eio acing ie 
Tenit ia ravi ous tows 
and completely in (D). 


With the basic understanding of how each applied 
signal acts alone, let us now consider the effect of com- 
bining both signals, The spot, by just the action of the 
sawtooth signal, would normally travel radially from 
the center of the screen in a straight-line path as indi- 
cated by the dashed line oa in Fig. 13-26C. However, 
as the spot starts its travel from point o, a circular 
‘motion is also imparted to the beam and the spot travels 
ina parabolic trajectory, ending up at point b. The time 
that it takes the spot to travel the solid line from o to b 
is 100 microseconds, in which time it will also travel 
1/20 of the circumference of the circle due to the cir- 
cular sweep; hence the arc subtended by ab is 1/20 of 
the circumference of the circle. As the spot reaches 
point b, the very rapid retrace time of the sawtooth 
causes the beam to jump back to the center of the 
screen (point o) in a practically straight-line path, as 
indicated by a second curved radial line oc shown in 
Fig. 13-26C. With the retrace of the sawtooth blanked 
out, only the curved portions will be visible. After 
2,000 microseconds have passed, the sawtooth signal 
will have undergone 20 cyclic variations, while the sine 
wave will have passed through only one cycle, and 
hence 20 individual traces will appear upon the screen. 
[part (D) of Fig. 13-26]. 

In order to make the traces much more linear, the 
frequency of the sawtooth, as mentioned previously; 
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has to be much greater than that of the sine wave. The 
greater the frequency ratio, the better will be the line- 
arity and the greater the number of spokes. The in- 
creased frequency of the sawtooth, or decreased fre- 
quency of the sine wave, means that, during each spoke 
trace, the amount of time the sine wave is active is 
much less than before, thereby reducing the curvature 
of the trace. If the sawtooth frequency is several hun- 
dred times greater than that of the sine wave, the 
spokes would become effectively linear and appear to 
merge with one another. 

The signal that is to be examined on a radial time 
base is usually applied to the control grid of the cath- 
ode-ray tube to intensity-modulate the trace. Thus, if 
the signal to be observed is strong enough, it will cause 
certain parts of the trace to be much brighter than 
others. If a pulse is applied to the grid, it will appear 
as a bright spot somewhere along the trace. The traces 
of such patterns can easily be used to measure distance 
in a manner similar to that described for the J scope. 
Thus, if the sawtooth sweep has a frequency of 10,000 
cps and a single trace or spoke is one inch long as seen 
on the cathode-ray tube, it will be completed in 100 
microseconds, and hence each 0.1 inch would repre- 
sent a time lapse of 10 microseconds. Thus, if a trans- 
mitted pulse is recorded at the start of the single trace 
and if a return echo from a target shows a bright spot 
0.5 inch away from the center of the trace, 50 micro- 
seconds have elapsed. The distance to the target is, 
therefore, reached in half this time or in 25 micro- 
seconds, which means the target distance is approxi- 
mately 8,200 yards away, basing the speed of the pulse 
travel at 186,300 miles per second. 

In many radar applications, radial time bases are 
used, but they are usually produced in a manner differ- 
ent from that just discussed. In one method, mentioned 
in Chapter 6, the radial time base is produced by using 
electromagnetic deflection and rotating the deflection 
yoke around the neck of the tube at a constant rate of 
speed. This is one of the many types of PPI (Plan 
Position Indication) systems used during the war. The 
voltages applied to the two sets of deflection coils are 
such as to produce sawtooth current waves flowing 
through the coils, and hence cause a linear deflection 
of the beam. The d-c component of the sawtooth wave 
is adjusted so that the beam describes a path starting 
out from the center of the screen. If the retrace of the 
sawtooth is blanked out and if the yoke remains sta- 
tionary, a straight line similar to Fig. 13-26B will 
appear upon the screen. When the yoke assembly із 
rotated, the spot describes the same path as in parts 
(C) and (D) of Fig. 13-26. If the frequency of the 





applied voltage to the deflection coils, and hence the 
sawtooth current, is much greater than the rotation of 
the deflection yoke, the radial time-base deflections will 
be almost linear and will fill out the entire screen of the 
cathode-ray tube. 

When used in radar applications; a rotating antenna. 
is mechanically synchronized with the yoke (usually 
by a servomechanism arrangement), so that the posi- 
tion of the yoke in its circular path will directly indi- 
cate the azimuth direction of the antenna, Such a sys- 
tem will display two types of information upon the 
screen, namely target distance (range) and target di- 
rection (azimuth). 

In radar practice, the voltage to the deflection yoke 
is applied only during the transmission of a pulse. The 
bias arrangement on the grid of the cathode-ray tube 
is such that during the transmission of pulses the grid 
is cut off, so that no trace appears on the screen. When 
a transmitted pulse hits the target, the return echo 
picked up by the antenna, amplified, and then applied 
to the grid of the cathode-ray tube as a positive pulse, 
This amplified echo pulse is strong enough to drive the 
grid above cutoff, thereby causing a spot to appear 
upon the screen. This kind of system will present a 
map of the area (white on a darker background), 
scanned by the antenna. A typical PPI pattern of New 
York harbor at a range of 174 miles is shown in Fig. 
13-27. With suitable calibration of the cathode- 
tube face, the direction of range of any part of the map 
becomes known. 
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After the pulse is transmitted, the antenna will ro- 
tate a certain distance before the return echo is re- 
corded upon the screen. Due to this fact, it may be 
thought that the recorded echo will not represent the 
true direction of the target. This is theoretically cor- 
rect, but if we realize that the rotation of the antenna 
is very slow compared to speed of the pulse, it becomes 
evident that the amount of antenna rotation during the 
time of pulse transmission and return is negligible. For 
example, if the target is about three miles away, it will 
take a pulse approximately 32 microseconds to travel 
to and from the target (at 186,300 miles per second), 
If the antenna rotates at the speed of five revolutions 
per minute, or 30° per second, in 32 microseconds the 
antenna would have rotated only 30° x 32 x 10-* = 
0,00096*, or approximately 0.001*. It is, therefore, 
apparent that the amount of antenna rotation during 
the time between a transmitted and received pulse is 
negligible, 

‘There are other methods besides the rotating deflec- 
tion yoke whereby such a PPT scan may be produced. 
One common method employs a fixed-yoke system. 
Linear sawtooth currents of the same frequency are 
made to flow through each set of deflection coils so that 
two mutually perpendicular forces act upon the beam, 
causing it to take the vector position of these two forces. 
or radially outward. In order to produce the rotation. 
of the radius, the amplitudes of the deflection sawtooth 
currents are varied sinusoidally at the same rate, while. 
simultaneously maintaining a 90° phase difference be- 
tween them. The frequency of sinusoidal variation is 
made much smaller than the frequency of the sawtooth 
currents to insure linearity. 

Tn radar applications, this amplitude variation of the. 
sawtooth currents is brought about by mechanical 
means. Two principal types of arrangements are used. 
One employs a special type of potentiometer in which 
the rotation of the antenna is synchronized with the 


motion of the rotor of the potentiometer. The poten- 
tiometer supplies two special outputs, a sine wave and 
a cosine wave. The other arrangement uses a special 
type of rotating transformer in which the rotor is syn- 
chronized with the antenna. 


Sine-Wave Time Base. 


‘A basic nonlinear time base that is part of many 
‘oscilloscopes is the simple sine-wave sweep. The prin- 
cipal use of sine-wave sweeps is for alignment of tuned 
circuits, In practically all cases, the frequency of the 
sine wave is 60 cps and is obtained from the power sup- 
ply of the oscilloscope. The 60-cps signal is usually 
procured from: the secondary of a filament transformer, 
as indicated in Fig. 13-28. In this cireuit, the 60-cps 
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Fig, 13-28. Circi for obtain sine 
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tap is permanently fixed to the high side of the sec- 
ondary ; when the signal is desired as a time base, it 
is switched to the horizontal-deflection plates. The 
60-cps sine-wave time base is very useful in alignment, 
because the majority of sweep generators used today 
employ а 60-cps signal to frequency-modulate the o8- 
cillatory signal. A detailed analysis of the use of a 
 GO-cps sine-wave sweep for alignment can be found in 
Chapter 16. 


CHAPTER 14 
AUXILIARY EQUIPMENT 


This chapter covers the use of electronic switching 
in practical oscilloscope circuits, calibrators, low-fre- 
quency time bases, high-voltage supplies, sweep gen- 
erators, and marker generators. Equipment of this sort 
is generally termed auxiliary equipment and is used for 
special applications in radio and electronic work. 


An electronic switch opens or closes an electric cir- 
cuit, having that property in common with ordinary 
mechanical switches. However, there the similarity 
ends, for the electronic switch has no moving mechan- 
ical parts. Consequently, the frequency of switching 
can be made much higher than would be possible using 
mechanical construction ; moreover, since there are no 
moving parts to wear out, maintenance is simplified. 

In modern radio and electronic work, an electronic 
switch may perform many useful functions. Time and 
space limitations do not permit discussions of all of 
them, and here we must be limited to some practical 
circuits and uses, 

A practical problem that arises in audio work, for 
‘example, is connected with the simultaneous observa- 
tion of the waveforms of signal voltages in two differ- 
ent stages or circuits. This is shown in Fig. 14-1, The 
waveform of the input voltage E1 is observed on oscil- 
loscope No. 1, and that of the output voltage E2 on 
oscilloscope No. 2. This is a simple system, but some- 
what expensive and inconvenient, since two oscillo- 





scopes are required, and the traces are not close to each 
other for easy comparison. 

Using one oscilloscope becomes feasible when a rela- 
tively inexpensive electronic switch is employed, as in 
Fig. 14-2. Here, the electronic switch is shown sche- 
matically as a simple single-pole double-throw switch ; 
this is its actual function, although its operation is, of 
course, a good deal more complex than that, The nature 
of such a switching system and its electrical makeup 
will be demonstrated shortly. 











ELECTRONIC 
‘SWITCH 
Fig. 14.2. with Fig. 14-1, Here, a single cathode- 
ray Gacllowope, im conjunction with am electronic switch, 
permits portrayal of two independent waveforms, 
Development of Patterns! 


Two signal voltages may be shown on the screen of 
a cathode-ray tube, apparently simultaneously, by 
means of electronic switching. The circuit principle is 
shown in Fig. 14-3, The switching rate or frequency 
should be considerably higher than that of either sig- 
nal, Double tracing takes place on the screen as shown 
а (В). 

It may be assumed, to illustrate, that when S is at 1, 
the voltage across the secondary of T produces trace 
A in (B). The length of the trace is determined by the 
length of time the switch is closed, and its slope by the 

= са 
30, p Бае тына Дае това 
excerpt from this paper. 
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Fig. 14-3—Electronie switch principle is illustrated here. 


increment in signal potential. After a short interval, S 
moves to 2 and the secondary voltage of 72 is applied 
to the vertical input circuit, producing trace E. As the 
switch alternates from one position to another, a num- 
ber of separate traces are made, as indicated by 
A-B-C-D and E-F-G-H in (B). 

The switch movement must be sufficiently rapid to 
give, through persistence of vision, the illusion of a 
continuous trace. If the switching frequency is low, the 
trace will consist of many disconnected lines or dots, as 
shown in (B). Using a high-frequency switching rate, 
a pair of apparently continuous line traces as shown 
(C) will result. 





Two-Channel Switching Circuit 

An electronic switching circuit is shown in Fig. 14-4. 
Triodes V3 and V4 are biased somewhat higher than 
cutoff. A sine-wave voltage applied to terminals T1 
and T2 is amplified by triode 1 and is converted into 
a square-wave voltage by the double-diode clipper tube 
V2, Positive half-cycles of these square waves appear 
across resistor R5 and negative half-cycles across Ró. 
‘These half-cycles of square-wave voltage make the grid 
circuits of 73 and 4 alternately conductive, so that 
if separate signals are applied to terminals 73-74 and 
T5-T6, these signal voltages will be delivered alter- 
nately by V3 and 4 to the vertical plates of an oscillo- 





scope connected to terminals 77 and 78. Signals 1 and 
2, thus, are switched alternately to the oscilloscope at 
‘rate equal to the frequency of the sine-wave voltage 
applied to terminals T and T2. 


Complete Circuit 

In order to complete the electronic switch circuit for 
practical application, itis necessary only to add: (1) a 
Power supply, (2) single-stage amplifiers for the two 
signals, and (3) a single-pole double-throw toggle 
switch to throw the sine-wave input terminals 72 and 
T2 either to an internal 60-cps source or to terminals 
for connection to an external sine-wave audio oscil- 
lator. The complete circuit, including controls and 
power supply, is shown in Fig. 14-5. 

The sine-wave signal amplifier tube is 1, The grid 
lead of this tube may be switched between terminal T1 
and the "high" side of the 6.3-volt winding of the 
power transformer. By this arrangement, the switching. 
may be accomplished either at line frequency or at 
some other desired rate determined by the frequency 
of an oscillator connected to T1 and 72. 

V2 is the 6H6 clipper tube, and V3 and V4 are the 
switching tubes. 5 is the input amplifier for one ob- 
served signal; Vó the input amplifier for the other. 
Both of these amplifiers are provided with gain con- 
trols (R7 and R12). Each amplifier input is isolated 
from d.c. by a blocking capacitor, 

Signal source No. 1 is connected to terminals 73 and 
T4, and signal source No. 20 terminals T5 and T6, T7 
and 78 are connected respectively to the high and low 
vertical-input terminals of the oscilloscope. 


Du Mont 185-A Electronic Switch and 
Square-Wave Generator. 

‘The circuit diagram of a commercially available two- 
channel switch is shown in Fig. 14-6. The signal input 
voltage E1 may be applied to terminal A and ground. 
A second signal E2 may be applied to terminal B and 
the common ground circuit, The combined output is 





Fig. 14-4.—Electronic switching circuit, 


Fig. 14-5 Complete electronic 
switching creat including controls nd 
power supply. 


obtained across RI9-C13 at the output terminal and 
ground 


As the E1 signal is applied to R13 and the 5 input, 
the amplitude at the output is a function of the gain of 
V5, which varies according to the operating voltages 
and the adjustment of R13. 

t is seen that the cathode of V5 returns to ground 
through R11 and that, therefore, an increase in current 
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Fig. 146—Du Mont 185-A electronic switch and square-wave generator. 
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through the 3 cathode and R11 will increase the bias 
of V5, by making its cathode more positive (equiva- 
lent to a more negative grid). 

V5 may have its cathode current reduced greatly or 
cutoff by the action of V3. To secure a large bias volt- 
age across R11 and a large V3 cathode current value, 
the grid of 3 must be driven positive. A positive pulse 
for the V3 grid is derived from the V1 plate through 
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Fig. 14-7.—General Electric Y E-9 electronic switch. 


C$. This pulse occurs during one-half of the signal 
cycle of operation of 71. 

V1 and V2 together form a simple, standard, vari- 
able-frequency multivibrator system. The frequency 
variations are controllable by means of the variable re- 
tances marked R3 and the capacitance selection 
system. 

V2 serves as a signal source for V4, in a manner 
similar to that described for the V1-V3 combination, 
but opposite in phase. Similarly, V4 serves V6 in a 
manner identical to that of V3 with respect to V5. 

V5 and V6 thus serve as signal gates or switches, 
controlled by the multivibrator pulse signals generated 
in the VI-V2 stage. These gating tubes then pass or 
block the signals in pecbrdance with the controlling im- 
pulses furnished by the pulsing stage. 





General Electric YE Electronic Switch 


Another commercially made electronic switch is the 
General Electric Y E-9. This system operates, so far as 
the gate tubes are concerned, in a manner similar to the 
One previously described. The complete circuit is 
shown in Fig. 14-7. V104 and V105 are the signal 
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gutes. (7101, marked “gating tube,” gates the syn- 
chronizing signal to the proper half of 102.) 

‘The signal input at terminal J105 feeds to R122 
through C112. That at J102 feeds through C102 to 
R103. R122 and R103 permit adjustment of the indi- 
vidual signal outputs which are combined at /103. 

V103-A controls V104 and receives its grid excita- 
tion through C105 from the V102-A multivibrator 
plate. V103-B controls V105 and is voltage-driven 
through C110 by V102-B. The synchronizing input 
voltage appears across X1 and /101 and is coupled to 
the V101-4 and. V10I-B grids through C101. 

А simplified block diagram of the equipment is 
shown in Fig. 14-8, In effect, this circuit consists of 
two channels — channel A and channel B. The two 
channels are identical but operate alternately, and at 
half the frequency of the sawtooth input from the os- 
cilloscope. Each channel generates a square wave, 
which is out of phase with that generated in the other 
channel. These in turn are used to gate (control the 
ой-оп operation of) the individual mixer output tubes, 
so that the individual signal inputs are alternately de- 
livered to the output terminal. Due to the persistence 
of vision of the human eye, and the persistence char- * 
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acteristic of the fluorescent material of the oscilloscope 
screen, the two signals appear on the screen simul- 
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Fig. 14-8.—Simplified block diagram of General Electric 
Үй анык кейде 


Frequency-Dividing Multivibrator 


For the sake of circuit analysis, each half of the 
6SN7GT tubes (V101, V102, and V103) will be con- 
red individually. For example V101-A will be con- 
sidered as one triode tube, and /01-B as another, 

The frequency-dividing multivibrator consists of 
gating tube V701 and multivibrator tube ИЈ02, and 
their associated components. The function of this cir- 
cuit is to produce two 50 per cent square waves, 180° 
‘out of phase with each other, so that each has one-half 
the repetition frequency of the sawtooth input from the 
oscilloscope. 

In use, the sawtooth input from the oscilloscope is 
received at terminal X1. This sawtooth input has an 
appearance as illustrated in Fig. 14-9A. A differentia- 
tion circuit, composed of C101, L101, and R101, dif- 
ferentiates the sawtooth input into a waveform illus- 
trated in Fig. 14-98, 

Disregarding tubes 101-4 and V101-B for the 
moment, V/102-4 and V102-B form a conventional 
back-coupled multivibrator having a free-running fre- 
quency of approximately one cps. Therefore, at a given 
time (neglecting the switching time of the multivi- 
brator), either tube V102-A or V102-B will be con- 
ducting, while the other will be cut off. For purposes 
of explanation, let tube 702-4 be conducting, and 
¥102-B be cut off. 

The plate current of V102-A produces a voltage 
drop across cathode resistor R108 of approximately 
30 volts; this voltage is transferred through R107 to 
the cathode of gating tube V101-4, and cuts off 
V101-A. Since no current is flowing through V102-B, 
tube 101-B will not be cut off. The positive pulses 
(Fig. 14-98), derived by differentiating the sawtooth 
input, are applied directly to the grids of V101-A and 
VI01-B. However, at the particular instant of time de- 
picted, only V101-B is conducting and will amplify 
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Courtery General Electric 
14.9.—Waveforms in General Electric YE-9 electronic 
Жш 
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the pulse, The output of V101-B is a negative pulse 
as illustrated in Fig. 14-9C (inverse of Fig. 14-9B), 
which appears across the load resistor R117. This 
negative pulse is transmitted to the grid of V102-A, 
cutting off its plate current, and, by multivibrator ac- 
tion, turning on 7102-B. Thus, the first positive pulse 
(of Fig. 14-9B) causes the multivibrator to switch 
once. Similarly, the second positive pulse will affect 
¥101-A, which will apply a negative pulse to V102-B, 
cutting it off, which will turn on 102-4. Thus the 
circuit has been restored to its original state and one 
cycle has been completed. Since one cycle requires two 
input pulses (differentiated oscilloscope sawtooth in- 
put), it will produce an output wave having one-half 
the frequency of the oscilloscope sweep frequency. 

Integrating networks R107 and C103, and R120 and 
C109, effect a slight delay of the gate voltage applied by 
the multivibrator to the gating tubes, which gives the 
multivibrator time to switch. Capacitors C103 and 
C109 also prevent degeneration to pulse amplification 
in tubes 101-4 and V101-B, The square-wave out- 
puts of multivibrator tubes 102-4 and V102-B are 
illustrated in Fig. 14-9D and E. The two outputs are 
‘out of phase with each other and their frequency is 
‘equal to one-half the frequency of the sawtooth input. 

‘Square-wave outputs are taken from the cathodes of 
V102-4 and V102-B and may be used to synchronize 
additional electronic switches. These outputs are illus- 
trated in Fig. 14-9F and G, and may be taken from 
terminals 1 and 2. 





Cathode Followers 


Each half of the type 6SN7GT duo-triode V103 is 
employed as a conventional cathode-follower tube. 
V103-A serves channel 4, and V103-B serves channel 
B, The function and operation of each cathode follower 
is the same except that they operate alternately. Each 
cathode follower serves three purposes: 

a. It squares the negative half-cycles of the multi- 
vibrator output waves shown in Fig. 14-9D and E, 
prior to applying them to the mixer tube. 

b. It provides а low-impedance source for driving 
the cathodes of thesmixer. 

€. Tt serves to isolate signal variations in the mixer 
from the multivibrator. 

‘Squaring is accomplished by driving the grids of the 
cathode followers beyond cutoff with the negative half- 
cycles of the square waves illustrated in Fig. 14-9D and 
E. The square-wave outputs of the cathode followers 
are illustrated in Fig. 14-9H and I. Notice that the 
‘output of 7103-4 is in phase with the output of 
1 102-A, and the output o£ V 103-B is in phase with the 


output of V102-B. Also notice that the outputs of 
V103-A and V 103-B are out of phase with each other. 


Mixer Outputs 

There are two mixer output tubes 104 and V105— 
one for channel A and one for channel В. The function 
of each mixer is to apply the signal received at its grid, 
alternately, to the output terminal, 

As shown on the schematic diagram, Fig. 14-7, sig- 
nal input 4 is applied to the control grid of mixer tube 
0104 through the “Gain A Control” ; and signal input 
B is applied to the control grid of mixer tube V105 
through the “Gain B Control.” The outputs of the two 
tubes are connected together to the combined signal- 
output terminal J103. Alternate application of the ap- 
plied signal inputs to the combined signal-output ter- 
mirals is accomplished by gating the cathodes of the 
mixer tubes with the square-wave outputs of the cath- 
ode-follower tubes. Since the square-wave outputs of 
the cathode-follower tubes (Fig. 14-9H and 1) аге 
180° out of phase with each other, one mixer tube will 
be conducting while the other will be off. For this rea- 
son, only one signal appears at the output terminal at 
atime. 

Notice that the output terminal J703 is connected 
directly to the plates of the mixer output tubes, and is 
at 130 to 160 volts d-c potential, depending upon the 
position of the “Balance Control." 

The “Balance Control” is provided to permit verti- 
cal separation or superposition of the two traces on the 
‘oscilloscope. Balance is obtained by varying the 
quiescent (no-signal) grid bias, and consequently the 
quiescent plate current of the mixer tubes. For super- 
Position of the two traces, the "Balance Control” is ad- 
justed to give equal plate currents through the two 
mixer tubes. In order that adjustment of the “Balance 
Control” may not be critical for low values of signal 
input, the control is effectively tapered by the addition 
of the two resistors R105 and R123. 

To minimize nonlinear distortion, negative feedback 
is introduced in the mixer tubes by the omission of 
bypass capacitors across the cathode resistors R111 
and R119, The feedback is approximately 62 per cent 
at low and medium frequencies, Inductance L102 in 
the plate lead provides video compensation at high 
frequencies. 

Power Supply 
‘The power-supply circuit is shown in the lower por- 


tion of the schematic diagram, Fig. 14-7. It comprises 
a type 5Y3GT rectifier tube (7106) in a conventional , 
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full-wave rectifier circuit. A single-section inductance- 
input filter composed of L103 and C106-B provides a 
dc output of 280 volts for the plates of V101, V102, 
and V103. Additional filtering is provided by R124 
and C106-A, for the plates and screens of the mixer 
output tubes V104 and V105. Sufficient bleeder cur- 
rent flows through resistors R112, R102, and R121 
(68,000 ohms each) to prevent the output voltage of 
the power supply from rising to excessive values after 
the closing of the “On-Off” switch, during the warm- 
up time of the tubes. 

‘A 6.3-volt secondary winding of power transformer 
7101 supplies all filament power, and also excites pilot 
lamp 1101. 


FourChannel Electronic Switch* 


Although the two-channel switch just described is 
adequate for many applications, there are occasions 
when a greater number of channels must be handled. 
Fig. 14-10 shows a block diagram of a four-channel 
electronic switch. The ring-counter circuit can be 
developed for n channels as indicated in the drawing. 





Ж 
Fig. 14-10—Block diagram of 2 four-channel electronic 
witch, 


In an ordinary two-channel electronic switch, a mul- 
tivibrator supplies the required square-wave switching 
pulses, which alternately bias to cutoff the respective 
gate amplifiers. The common plate connection between 
these amplifiers provides the point at which the com- 


pulse must obviously be 1/n times the period for each 
eyde of operation. 


° sMoermme, N. А. “Four channel electronic switch,” Elec- 
telis aA iS Sig oa m 


Ring Counter 


The requirements for a switching pulse generator 
have been conveniently satisfied by the use of an elec- 
tronic ring counter. By means of this system, it be- 
comes theoretically possible to devise an electronic 
switch for any number of channels whatsoever. Prac- 
tical considerations restrict the application to four 
channels. 

An electronic ring counter is essentially a group of 
square-wave generating circuits so arranged that only 
one circuit of the group is “on” at any instant, Trigger 
pulses are applied simultaneously to all the circuits. At 
‘each pulse, the next succeeding member of the group 
is turned on, and the one previously operating is turned 
off. Effectively, continually repeated trigger pulses 
‘cause the “on” conditions to move around the chain or 
ring of square-wave generators; therefore, it is called 
aring counter. 

This cycle of operation is continuously repeated. 
Since all gate amplifers are normally biased beyond 
cutoff, the function of these positive switching pulses 
is to turn on the respective gate amplifiers, Any one of 
the gate circuits is in the conducting state for a period 
equal to 1/n times the switching cycle, and is off dur- 
ing the remaining part of the cycle. 

The phase relations between the switching pulses 
for a four-channel electronic switch are shown in Fig. 
14-10. The composite waveform is again derived from 
the common plate connection between gate amplifiers. 
Oscillograms of the waveforms actually obtained are 
reproduced in Fig. 14-11. 











Courtery Biactronies 


Tt may seem that considerable resolution of the 
waveforms under study will be lost because of the rela- 
tively short period during which any channel is active. 
This would be important if the switching rate were 
comparable to, or less than, the frequencies contained 
in the waveforms under study. By making the switch- 
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Courtesy Electronics 

Fig. 14-12.— Oscilloscope traces reslting when three differ- 
cent signals were introduced through the four-channel switch. 
Top trace presents a 60-cps square wave and the bottom a 
60-cps sine wave, No signal was applied to the second trace 
хр, А 600-cps sine wave of large amplitude superimposes 
the third trace upon the others. 











Courtesy Blaciromet 
14-13 —60-cps square-wave recordings taken with a 
revolving-drum type camera. In (A) the camera speed is 285 
inches per second and in (B) the speed is 195 inches per 
second. 





ing rate as high as possible, this difficulty is minimized ; 
a switching rate of 25,000 cps, for example, is a prac- 
tical figure. The degree of resolution actually obtained 
with the four-channel electronic switch is shown in 
Figs. 14-12, 14-13, and 14-14, 


Design 

‘The chassis contains all the essential elements for 
the operation of the four-channel electronic switch with 
the exception of power supplies and the necessary pre- 
amplifiers. These elements are: (1) the trigger pulse 
source; (2) the switching-pulse generator (ring 
counter) ; (3) the gate amplifiers and (4) the output. 
amplifier. , 

For proper operation of the ring counter, a source 
of trigger pulses of the proper frequency and shape is 
required. A pulse frequency of 100 kc, which yields a 
switching rate of 25,000 cps is used. In the complete 
four-channel swi circuit in Fig. 14-15, one half of 
tube V2 (6SN7) is connected with associated compo- 
nents to form a Pierce oscillator. The other half of V2 
serves asa square-wave amplifier. 
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Fig. 14-14—Photographic recordings of signals fed to a 
‘commercial oscilloscope through the four-channel switch, only 
‘one channel of which is used in each case: (A) 100 cps; (B) 
500 eps; (С) 1400 сре; and (D) 2000 eps. 


Circuit Details 


Differentiation of the 100-kc square waves is accom- 
plished by the R-C-combination composed of R4 and 
C2. Of the positive and negative pulses resulting, only 
the positive pulses are amplified by tube V1, which is 
biased to cutoff. Negative pulses appearing at the plate 
of V1 have the desired characteristics. These are ap- 
plied to a common bus for injection into the ring 
counter and gate amplifier. 

The switching pulse generator (ring counter) is 
composed of four 6SN7 tubes connected in standard. 
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Fig. 14-15 —Complete four-channel switch circuit, 


Eceles-Jordan square-wave circuits with the addition 
of inductance L1 in each plate circuit. The inductance 
placed in that side of the circuit from which the posi- 
tive switching pulse is derived and its use permits a 
considerable improvement in the squareness of the 
switching pulse results without adversely affecting 
normal operation of the circuits. 








Generator Circuit 


An Eccles-Jordan circuit (sometimes called a flip- 
flop circuit) has two stable states such that, for either 
state, one grid is sufficiently biased to cut off tube cur- 
rent, and the other grid is at zero, permitting current 
flow. Of those grids in the ring counter that are con- 
nected to the source of trigger pulses, only one grid is 
zero at any instant. This grid is associated with the cir- 
cuit that is "on." 

‘The trigger pulse operates on this grid and flops the 
circuit to its other stable state, “off.” During this tran- 


sition, the positive rise in voltage at the left-hand plate 
is applied through C1 to the cutoff-biased grid of the 
succeeding circuit, which is then turned on. The next 
trigger pulse operates on this circuit, which is then 
flopped to the off position, as in the case of the preced- 
ing circuit. 

In this way, a positive switching pulse is generated 
at the right-hand plate of each circuit during the se- 
quence off-on-off. It will be noted in the schematic dia- 
gram that pushbutton switch S3 has been inserted be- 
tween the two legs of the square-wave circuits, one of 
which is connected in reverse order. This provides a 
front-panel control for initiating the proper sequence 
of operation for the counting ring after applying power. 


Switching the Pulses 


The gate amplifiers serve the twofold purpose of 
switching and then mixing the signals applied to their 
respective inputs. For this function, the type 6L7 tube 
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was selected. At the outset, it was felt that the inner 
control grid of the 6L7 would be the logical point for 
introducing the switching pulse, since cathode-current 
cutoff could then be assured. This arrangement was 
tried and found to be unworkable because of the distor- 
tion introduced by applying the useful signal to the sec- 
ond control grid. The functions of the two control 
grids were then reversed and a great improvement in 
the operation noted, The disadvantage to this mode of 
operation, however, is the incomplete cathode-current 
cutoff, requiring isolation of the screen-voltage sup- 
plies to insure minimum couplings. 

Variable resistor R1 in the cathode circuit provides 
a means for positioning the trace on the cathode-ray 
tube with respect to the other traces. When it is de- 
sired to observe less than the four available traces, 
switch S2 is opened. This introduces a large resistor 
R2 into the cathode circuit, which then deflects the 
trace from the corresponding tube off the screen. 

For added flexibility, provisions are made for re- 
storing normal single-trace operation, This may be 
desired where high-frequency recording and good 
resolution are required, and is made possible by oper- 
ating switch S1. This shunts the trigger pulses to 
ground through C3 and removes the bias on the oper- 
ating 6L7 tube by connecting its second control grid 
to the cathode. 





Wideband Amplifier 


It was evident early in the development of the appa- 
ratus that amplification of the composite signal would 
present some difficulty. The problem involved is that 
of amplifying unidirectional square-wave pulses of 
approximately 75 volts amplitude. These pulses are 
modulated by as much as 25 per cent. Capacitance 
coupling could not be used because of the transient d-c 
amplification requirement. Furthermore, it was found 
to introduce interchannel coupling. 

The output amplifier circuit finally evolved is shown 
in the diagram, Fig. 14-15. Triode-connected 807 tubes 
in push-pull were selected because of their large signal- 
handling capabilities, coupled with low distortion. An 
excessively large common cathode resistor R3 is em- 
ployed which serves two important functions: The 
cathode potential substantially follows the grid, thereby 
absorbing the large d-c potential at the 6L7 plates and 
minimizing undesirable loading due to the direct con- 
nection, Phase inversion is also conveniently provided. 


‘The grid voltage of the phase inverter tube is se- 
lected at a point on a voltage divider from B+ to 
ground, to permit proper placement of the composite 
signal on the cathode-ray-tube screen, There is linear 
response over the useful portion (about four-fifths) of 
the screen. Contributing to this is the high value of 
plate voltage (650 volts) applied to the 807 amplifiers. 


Recording 


For recording, use is made of a Du Mont type SLPS 
(blue screen) cathode-ray tube, operating at maximum. 
voltage in order to attain maximum spot intensity, A 
revolving-drum type camera, having an {2.3 lens, of 
three-inch focal length, records a one-to-one image on 
single strip of Eastman No. 697 oscillograph record- 
ing paper. 

Records taken with this apparatus are illustrated in 
Figs. 14-13 and 14-14. The cathode-ray-tube voltages 
were, in this case, only three-quarters of the maximum 
value. These records demonstrate the degree of reso- 
lution and recording intensity that may be obtained. 


Interpretation of Records. 

It may appear disadvantageous that the steeply 
sloping portions of recorded transients are defined by 
a series of dots. This characteristic, however, may be 
used to advantage where it is desired to obtain quanti- 
tative values for these slopes. For this purpose, the 
oscillator is erystal-controlled, thereby accurately fix- 
ing the time between successive dots. The slope meas- 
urement then becomes that of simply measuring the 
vertical distance between successive dots and dividing 
by 1/25,000 second. There is an increase in precision 
attainable in this way as compared to the normal meth- 
od, in which the horizontal component of steep slopes 
must be determined by linear measurement, 

OTHER OSCILLOSCOPE ACCESSORIES 

Since the oscilloscope is such a versatile instrument, 
it is natural that numerous accessories should have 
been developed for it, for particular requirements. The 
several types of electronic switches just discussed are 
very useful, but there are others which must be con- 
sidered here. 





Du Mont Voltage Calibrator, Type 264A 


Since no attempt is ordinarily made, in oscilloscope 
design, to calibrate the spot deflections as a function of 


Fig. 14-16.—Cireuit of the Du Mont 
voltage calibrator, Type 264-A. 


voltage, chiefly because of the manual amplitude ad- 
justment and normal amplifier and tube variations, 
some means of determining the voltage for a given de- 
flection amplitude is often desired. The Du Mont Volt- 
age Calibrator, Type 264-A, is such a device. Its cir- 
cuit is shown in Fig. 14-16. 

The circuit consists of a power supply, operated 
froma 115-volt 50-60-cps lne voltage, which furnishes 
equal positive and negative bias voltages to a dual- 
diode. One of these diodes is connected to clip the posi- 
tive half-cycle of the sine-wave output of the power 
transformer, and the other diode clips the negative 
half-cycle at the proper voltage to result in exactly 100 
volts peak-to-peak at the output terminals. A minia- 
ture voltage-regulator tube maintains the proper bias 
on the two diodes. The output voltage is a clipped sine 
wave with essentially flat tops. 

The power supply consists of a full-wave rectifier, 
V103, and an R-C capacitor-input filter consisting of 
C101A, C101B, R102, R103, and R104, with voltage 
regulator V/102 connected across the output. A nega- 
tive voltage is picked off a resistor which is inserted 
between the center tap of the power transformer and 
ground. The output of the power supply is taken be- 
tween this negative voltage and the positive voltage, 
and the two filter capacitors C1014 and CIOIB serve 
to filter both voltages. Although the difference in 
potential between the two output leads of the power 
supply is 150 volts, one of these leads is +75 volts with 
respect to ground and the other is —75 volts with re- 
spect to ground. 

The dual diode, with its two sections oppositely 
biased, clips each half-cycle of the output voltage at 75 
volts, resulting in an output voltage of 150 volts peak 
to peak. 

‘Then, the output voltage is adjusted to a maximum 
of 100 volts at the factory by adjustment of a variable 
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resistor R106, The full output voltage is obtained at 
position 5 of the output amplifier switch $102, with 
the tap on R107 being at the end of the resistor far- 
thest from ground. Attenuation of the output voltage 
is accomplished with the continuous output attenu- 
ator R107 and the four steps of the decade attenuator 
obtained with resistors R108, R109, R110, and R111. 
An additional point on the attenuator switch is pro- 
vided to connect the signal under observation directly 
to the oscilloscope, and disconnect the calibrator out- 
put ; this makes a change of interconnection or an ex- 
ternal switch unnecessary. The normal procedure is 
to feed the signal under study to the input terminals 
of the calibrator. The output terminals are then con- 
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Fig. 14.17—Du Mont Type 264-A calibrator in use 
with the "Output Multiplier Switch” at 
position, 
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nected to the input of the oscilloscope. By operating the 
attenuator switch, either the unknown signal or any 
one of four ranges of calibrating voltage may be ap- 
plied to the input of the oscilloscope. 

To measure an unknown signal, turn the “Output 
“Multiplier” switch to the "Signal Output” position and 
adjust the gain control of the oscilloscope to produce 
a pattern of convenient size on the screen of the cath- 
ode-ray tube. Note the peak-to-peak deflection on the 
screen; the cross-ruled scale is useful for this. 

Turn the “Output Multiplier” switch to the proper 
range, (The proper range is that which enables the 
“Peak-to-Peak Volts” to be set as near the high end 
as possible.) Then, without changing the setting of the 
vertical gain control of the oscilloscope, adjust the cali- 
brated output dial “Peak-to-Peak Volts,” to result in 
the same peak-to-peak amplitude of the calibrating 
voltage as that produced by the signal When this ad- 
justment has been carefully made, read the calibrated 
dial and multiply by the decimal multiplier to obtain 
the peak-to-peak signal voltage. 

Figs. 14-17 and 14-18 show the Type 264-A Voltage 
Calibrator in use with a cathode-ray oscilloscope. In 
Fig. 14-17, the signal voltage appears on the screen of 
the cathode-ray tube, Note that the “Output Multi- 
switch is at the “Signal Output” position. In 
ig. 14-18, the switch has been turned to the X.1 posi- 
tion and the calibrating voltage appears on the screen. 











Courier Du Mons Lab. 
Fig. 14-18.—Same as Fig. 14-17, but with switch turned to 
> position. 


The amplitude of the calibrating voltage has been set 
to be the same as that of the signal voltage, and appears 
on the dial as 18.5 volts. The actual peak-to-peak volt- 
age is, then, 18.5 x 0.1 = 1.85 volts. 


Du Mont High-Voltage Supply. Type 283-A 


This supply has been designed primarily as an 
cessory for cathode-ray oscilloscopes, extending th 
usefulness by providing higher accelerating potentials. 
The application of a high accelerating potential to the 
cathode-ray tube produces an intense pattern which 
very desirable for photographic or projection purpose: 

Unfortunately, the intensifier voltage of standard 
cathode-ray tubes cannot be increased much above 
twice the second-anode voltage, without producing 
serious pattern distortion. This difficulty has been over- 
come by the development of the Type SRP cathode-ray 
tube, which allows ratios as high as 10:1 without dis- 
tortion. The Type 263-A High-Voltage Power Supply 
may be employed to supply intensifier voltage in any 
application where a Type SRP is used; it may be used, 
of course, in other cases where a portable, rugged, and 
safe high-voltage supply of its rating is needed, It pro- 
vides, by rectifying a high radio-frequency voltage, a 
4-с voltage output which is continuously variable from 
5,000 to 10,000 volts with loads up to 200 micro- 












amperes. 
‘The instrument consists of a medium-voltage recti- 
fier (600 volts), a radio-frequency oscillator, an r-f 





step-up transformer, a half-wave rectifier, and а high- 
voltage filtering and metering system. Upon the front 
panel is mounted an output kilovoltmeter reading up 
to 10 kv, an output connector, a control for varying the 
voltage, two ground terminals, pilot light, fuse, and 
power switch. A four-foot length of shielded output 
cable and connector is furnished with the unit. The 
circuit diagram is given in Fig. 14-19. The principles 
of operation are quite familiar, but there are some new 
applications of these principles which are rather inter- 
esting. Ordinary power supplies have a step-up trans- 
former for increasing the power-line voltage, a recti- 
fier, and filter for producing suitable d-c output volt- 
age. The Type 263-A High-Voltage Power Supply is 
similar to this, with the exception of operating fre- 
quency ; instead of a power source frequency of 60 cps, 
it operates on 200 kc ; it is, moreover, a half-wave recti- 
fier, rather than the customary full-wave, 

The 200-kc input to the rectifier is obtained from a 
6L6 oscillator of the “tickler” type, with a 400-volt 
plate supply of usual form. The load is taken from the 
plate coil of the oscillator by winding Lj of trans- 











Fig. 14-19.— Circuit of Du Mont high-voltage supply, Type 263-A. 


formers 72, L2 being the plate coil and L5 the tickler 
feedback. The load secondary L2 is a high-Q coil with 
a natural resonant frequency near that of the oscillator, 
This gives a high-voltage step-up. 

Voltage is conveniently controlled by varying the 
plate voltage of the series-fed oscillator by means of 
potentiometer R1. For the maximum output of 10 kv, 
the oscillator operates with maximum plate voltage and 
generates approximately 250 volts rms at 200 ke across 
the tank coil. The corresponding secondary voltage of. 
approximately 7,000 volts rms is equivalent to 10 kv 
peak volts. 

This voltage is rectified by a 1B3-GT, which func- 
tions as a half-wave rectifier, Filament voltage for this 
rectifier tube is obtained from a two-turn coil L4, 
which is coupled to the high-voltage secondary of the 
rf transformer, Although the filament voltage varies 
as the output voltage is changed, the regulation and 
current rating of the supply remains sufficiently good 
over the range from 5 to 10 kv. Adequate filtering is 
provided by the filter capacitor C7, which is connected 
across the output and reduces the ripple voltage to less. 
than 0.5 per cent. The capacitance of the output cable 
(200 мај) serves as an additional filter, and further 
reduces the ripple voltage. 





Output voltage is indicated by microammeter M1 Ț 


in the bleeder circuit. This meter and its calibrating 
shunt R5, in series with R4, form the bleeder. The 
meter is calibrated in kilovolts so that its deflection, 
which is proportional to the bleeder current, is a direct 
indication of the output voltage. 


Du Mont Linear Time-Base Generator, Type 215 


Oscilloscopes, generally, have built-in linear sweep 
generators, which cause the spot to traverse the screen 
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at a uniform horizontal rate, returning very rapidly to 
repeat the sweep. If the sweep frequency is reduced, 
the linearity may become poor; moreover, the sweep 
rate can not generally be reduced below, perhaps, four 
or five per second. 

An instrument, whose circuit is given in Fig. 14-20, 
has been designed to go beyond these limits, to apply a 
sweep voltage of accurate linearity over the operating 
range of approximately 125 sweeps per second down 
to one sweep in five seconds. The swcep-voltage wave- 
shape is the solid sawtooth line shown in Fig. 14-21 ; 
the interval from TI to T2 represents the sweep, and 
from T2 to 73 the return of the spot. 

In order to permit the convenient analysis of non- 
periodic and transient oscillations, provision has been 
made in the Type 215 for single-sweep operation; the 
‘sweep may be initiated either by the operator or by the 
signal under study. 


Description 

The equipment comprises a power supply designed 
to provide the voltages necessary for the proper opera- 
tion of the unit, a sawtooth voltage generator using a 
type 6Q5G gas triode, a direct-current amplifier and 
positioning circuit, a cathode-follower tube (here 
called an impedance transformer) to couple the saw- 
tooth oscillator to the amplifier, appropriate circuits to 
allow single-sweep operation, a compensating circuit 
to insure linearity of the sweep, and a return-trace 
elimination circuit. 

The unit has a number of important advantages over 
ordinary time-base generators. Nonlinearity of the 
sweep has been reduced to the point where it is com- 
pletely negligible at all frequencies. The annoying 
“electrical backlash” which accompanies many posi- 
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Fig. 14-20—Circuit of Du Mont linear time-base generator, Type 215. 
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tioning circuits has been eliminated. In most single- 
sweep circuits, the adjustment for single sweep is 
quite critical, and, when the sweep oscillations have 
stopped, it is necessary to position the spot off the 
screen manually. The Type 215, however, is designed 
so that the adjustment for single sweep and the posi- 
tioning of the spot off the screen are accomplished 
simultaneously by simply turning a switch. 

‘The unit has a maximum undistorted balanced out- 
put (brought out to terminals at the rear of the cabi- 
net) of approximately 400 volts peak to peak, and 
when the unit is used in conjunction with the Du Mont 
‘Type 175-A Cathode-Ray Oscilloscope, or equivalent, 
the pattern can, in effect, be spread out in the direction 
of the sweep to an extent corresponding to approxi- 
mately three times full screen deflection, or about 15 
inches. 


Operation of Sweep Voltage Generator 

Consider that initially the capacitor C in Fig. 14-22 
is uncharged, As potential is applied, the capacitor will 
charge through resistor R until the voltage developed 
across C is equal to the firing potential of the 6Q5G 
gas triode, a tube of the thyratron class, somewhat 
similar to the type 884 tube. The capacitor will then 
discharge through the tube until the voltage has 
dropped to a point where the tube de-ionizes and an- 
other cycle, consisting of a gradual rise in voltage 
across C followed by a sudden drop, will begin. The 
voltage developed across a capacitor charging through 
a resistance varies with time in the manner indicated 
by the curve of Fig. 14-21, but if the peak voltage de- 
veloped across the capacitor is a small fraction of the 
supply voltage, the corresponding portion of the curve 
(for example OA in Fig. 14-21A) will be essentially 
linear. The voltage developed across C in Fig. 14-22 
will closely approximate the sawtooth voltage of Fig. 
14-21. the charging rate of C depends on the 
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‘The operation of the single sweep is as follows: As 
shown in Fig. 14-23, there is, in parallel with the gas 
triode and the sweep capacitors, a diode (actually a 
triode with grid connected to cathode). The cathode 
of the diode is maintained at a fixed positive potential 
by means of the voltage divider R1 and R2. When the 
circuit is to be used to provide a recurrent sweep volt- 
age, the bias of the 6Q5G is kept at such a value that 
its firing voltage is slightly below the voltage of the 
cathode of the diode. The highest potential of the diode 
plate is, accordingly, at no time sufficient to cause the 
diode to conduct, The diode is, under these conditions, 
inoperative, and the recurrent sawtooth voltage is de- 
veloped precisely as described above. For single-sweep 
operation, on the other hand, the grid of the 6Q5G is 
given a sufficiently negative bias so that the firing po- 
tential of the gas triode is slightly above the potential 
which must be applied to the plate of the diode to cause 
it to pass current. Hence, as capacitor C charges, a 
point is reached, before the gas triode fires, at which 





Fig. 14.23—Single sweep 
circuit incorporating a 
diode. 


Соте Du Mont Lab 
the resistances R, R2, and the plate resistance of the 
diode form a voltage divider which maintains the po- 
tential across the capacitor at a fixed value just slightly 
below the firing potential of the tube. To produce a 
single sweep, it is now necessary to apply to the grid of 
the 6Q5G a positive voltage pulse of sufficient ampli- 
tude to cause it to fire; the capacitor then discharges 
and charges once as described above. Because of the 
low speed of the sweep and the short discharge time of 
the capacitors, the time lag between the application of 
the positive pulse and the beginning of the sweep is not 
objectionable. The tripping pulse may be applied by 
the operation of a switch; or the signal under study 
may be used to initiate the sweep. Under the latter 
circumstance, it is, of course, necessary that the signal 
have a positive polarity. 

When the sweep is running freely and being used to 
investigate a periodic signal such as, for example, a 
sinusoidal wave, the pattern ordinarily will be seen to 
move across the screen of the cathode-ray tube. This 
pattern drift results from the fact that the signal fre- 
quency is not necessarily an integral multiple of the 
sweep frequency. The pattern on the screen, accord- 
ingly, may start at a different phase after each sweep. 
However, since the firing potentials of the gas triode 
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depend on the grid voltage, a small portion of the sig- 
nal voltage fed to the grid insures firing regularly at 
the same phase of the signal voltage. Since, however, 
this synchronization voltage adversely affects the 
linearity of the sweep, it is always advisable that the 
synchronization voltage be the least necessary for 
stable lock-in of the pattern. 





Blanking Signal 


Under certain conditions of operation, as, for ex- 
ample, when it is desired to photograph the pattern on 
the screen of the cathode-ray tube, the trace caused by 
the beam during the return time may become objec- 
tionable, This return trace is readily eliminated by 
applying to the modulating electrode of the cathode- 
ray tube, during the time of the return trace, a negative 
voltage sufficient to cut off the beam. To provide this 
blanking voltage, the sawtooth output of the gas triode 
is amplified and fed to a high-pass filter, whose output 
is a high-amplitude sharp negative pulse during sweep 
returns, cutting off the beam, and a Very low-amplitude 
positive voltage during the sweep itself, having no 
noticeable effect. 


Amplifier Circuits 


The output from the sawtooth oscillator is directly 
coupled, through a cathode-follower tube functioning 
as an impedance transformer, to a combination ampli- 
fier and positioning stage which has all the advantages 
of capacitance coupling and none of its disadvantages. 
Since direct coupling is used throughout, the annoying 
backlash in positioning associated with capacitance 
coupling is avoided. The amplifier circuit is phase- 
inverting, and the output signal voltage is balanced 
about ground potential. 





Linearity of Time-Base 


For a number of reasons, the output of a sawtooth 
oscillator does not vary linearly with time. This non- 
linearity is due partly to the natural curvature (as 
shown dotted in Fig, 14-21) of the graph of capacitor 
voltage against time, partly to a small amount of leak- 
age through the sweep capacitors, and partly to induc- 


tive impedance of the power supply. The nonlinearity . 


resulting from these causes is particularly noticeable at 
low sweep frequency. In order, therefore, to insure 
linearity of sweep in this instrument, there has been 
incorporated a compensating circuit which feeds back 
to the plate of the 6QSG a sawtooth voltage distorted 
from linearity in a direction opposite to the deviation 


from linearity of the uncompensated output of the gas 
triode. The variation from linearity of the combination 
of these two voltages is completely negligible. 


Output Circuit and Cable 


The d-c level of the output circuit is brought to zero 
so that the deflection signal voltages produced will be 
balanced about ground potential, and hence will not 
disturb the focus of the oscilloscope with which the 
generator is used. 

‘The output cable is an integral part of the instrument 
and should always be used. It allows a convenient 
direct connection from the Type 215 to the rear termi- 
nal strip of the oscilloscope, to which it is connected, 
without obstructing the front panel controls with un- 
necessary wires. It also provides the common ground 
connection. The capacitance of the cable is part of the 
‘output compensating circuit, and the instrument has 
been adjusted at the factory with this cable connected, 
If it is not used, the linearity of the first part of each 
sweep-cycle will be adversely affected. 





Panel Controls 


Any sweep frequency from approximately 0.2 to 
available in this instrument. The "Frequency 
witch selects, as the sweep capacitor, one of 
the capacitors C70 to C14 (Fig. 14-20), and so permits. 
the selection of the range of frequencies controlled by 
the frequency fine control. The approximate ranges 
controlled by this switch are marked on the front panel, 
but these are not to be taken as an exact calibration. By 
varying resistance R28, designated "Frequency Ver- 
nier," through which the sweep capacitors charge, the 
sweep frequency may be varied continuously over the 
range selected by the frequency-range switch, The de- 
sired sweep frequency should be obtained as closely as 
possible with this control in order to minimize the syn- 
chronization voltage necessary to stabilize the pattern 
for, as pointed out above, the use of too much synchro- 
nization voltage will tend to cause nonlinearity of the 
sweep. 

The “Sweep Recurrence” switch selects single or 
continuous sweeping. When this switch is in the posi- 
tion marked “Continuous,” the bias on the grid of the 
gas triode is such that the single-sweep diode, de- 
scribed earlier, is inoperative, and the sweep oscilla- 
tions will continue uninterrupted. Throwing this 
switch to “Single” adjusts the bias on the gas-triode 
grid so that the diode conducts before the triode fires. 
A positive voltage pulse is then required on the gus- 
triode grid to permit a single sweep. 
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The "Synchronizing Signal Selector,” when at the 
“External” position, niakes use of a signal arriving 
through the corresponding input terminal to trigger 
the sweep, whether continuous or single. When the 
Switch is turned to the "Manual" position, triggering 
the sweep is accomplished by momentarily grounding 
the terminal marked "Manual Trip." This applies 
through C9, a ground voltage pulse to the grid which 
normally has a negative bias. For remote trip, a jack 
is provided for connection to the terminal and ground. 
The two synchronizing methods arc actually very 
similar, except that the manual trip uses an internal 
positive voltage source, and the external trip requires. 
positive pulses. 

The "Time-Base Amplitude Control" determines 
the amplitude of deflection in the direction of the 
sweep. When turned up to full gain, and when the unit 
is used in conjunction with the Du Mont Type 175-A 
Cathode-Ray Oscilloscope (or equivalent), the pattern 
0n the screen of the cathode-ray tube can be spread out 
in the direction of the sweep to an extent correspond- 
ing to a sweep amplitude which is approximately three 
times the screen diameter. 





Time-Base Position Control 

The "Time-Base Position Control" permits adjust- 
ments of the spot or pattern in the direction of the 
sweep. This control makes it convenient to center, for 
careful study, any portion of the signal under investi- 
gation, The position control will permit, when used 
with the Du Mont Type 175-A Cathode-Ray Oscillo- 
scope, some three inches of positioning each side of 
center. 

When the “Blanking Signal Polarity Switch” is 
thrown to thie minus (—) position, the output from the 
blanking signal output terminal is a sharp negative 
pulse, which, when applied to the modulating electrode 
of a cathode-ray tube, will blank out the return trace. 
Should it be necessary to amplify the blanking output 
to obtain a larger blanking voltage, the switch should 
bbe thrown to the plus (+) position and the output of 
the blanking terminal put through a stage of amplifi- 
cation, The resultant output from the amplifier will be 
of the correct polarity, since there is a phase inversion 
in amplification. 


Faciory Adjustments 

The following controls are factory adjustments and 
will rarely require readjustment. They are located on 
the chassis and will necessitate removal of the chassis 
from the cabinet for adjustment, These adjustments 
are: 





(1) A dec level control R35 which, when properly 
set, eliminates a change in the zero positions of the 
sweep, as the sweep amplitude is adjusted. 

(2) A linearity adjustment R70 which adjusts the 
feedback mentioned earlier, to the proper value for 
linear sweep. The adjustment is made so that marks, 
or pips, at equal time intervals, appear equally spaced. 

(3) A single-sweep adjustment R32 which sets the 
potential at which the single-sweep diode starts to con- 
duct, This control is set as close as reasonably possible 
to this critical operating point, to preserve sweep 
linearity. 


SWEEP SIGNAL GENERATORS 


The sweep signal generator is used in conjunction 
with the cathode-ray oscilloscope for visual alignment 
of receiver circuits. It can hardly be considered an ac- 
cessory to the oscilloscope, but is, rather, a piece of test 
equipment which requires an oscilloscope for satis- 
factory interpretation of results. 

A sweep signal generator is a device for supplying a 
signal of rapidly varying frequency. The frequency 
generally, but not necessarily, increases with time 
throughout its range, returning abruptly to the start- 
ing point and repeating this cycle, or else varying sinu- 
soidally about a definite center frequency. There is 
also an output, in almost all cases, which provides a 
voltage proportional to the frequency ; this voltage is 
used as a horizontal sweep supply for an 1 oscilloscope, 
as will be explained later. 

Sweep signal generators are available in audio, TV, 
AM, and FM ranges, with refinements and special 
abilities. Audio sweep generators will be discussed in 
Chapter 15; alignment procedure is also separately 
treated in Chapter 16. At this time, it is our purpose 
to show some of the principles involved, and how 
various commercial generators are designed to achieve 
the desired results. 

Emphasis in this chapter is upon signal generators 
for television, since these illustrate the various prin- 
ciples more thoroughly. While f-m alignment with the 
‘sweep generator is desirable, it is a fact that many f-m 
sets are so constructed that proper alignment is feasible 
using a signal generator whose output may be ampli- 
tude-modulated only, or even unmodulated.* 

TV circuits, on the other hand, cannot be aligned 
properly without a sweep generator, marker system, 
and oscilloscope. 
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TV Sweep Generators‘ 

‘The TV sweep generator is a signal generator which 
furnishes frequency-modulated signals over a number 
of bands — the TV carrier frequency range, the pic- 
ture i-f band, and the sound i-f band. In many cases, the 
same device also furnishes a series of unmodulated r-f 
signals of predetermined fixed frequency which are 
within the acceptance band of the T V receiver r-f, pic- 
ture i-f, and sound i-f systems, 

‘These unmodulated r-f signals are known as marker 
or calibrating signals. If the TV sweep generator does 
not furnish these marker signals, then an appropriate 
external r-f signal is used. Most TV sweep generators 
offer other facilites, too, which are incidental to the 
primary purpose of circuit alignment. 

The marker signals permit identification of spot 
points in the swept band and complement the function- 
ing of the sweep generator, Without marker frequen- 
cies, proper shaping of the response curve, an opera- 
tion essential to the proper performance of the tuned 
circuits in a TV receiver, would be impossible. 

Accordingly, the function of the frequency-modu- 
lated signal source is to furnish a test signal over a 
band of frequencies whereby it is possible to adjust the 
appropriate receiver circuits for correct operation — 
that is, correct bandpass characteristics. 

In practice, the TV sweep generator is used in con- 
junction with an oscilloscope, to develop a visible re- 
sponse curve. The marker generator furnishes the sig- 
nals which “ride” on the response curve and permit 
identification of the band limits and points between 
them. Both the sweep generator and marker generator 
can be used with devices other than an oscilloscope, but 
because of a continuously visible indication, the oscillo- 
scope is by far the most convenient indicator. 











Frequency Requirements 

In Fig. 14-24 are shown three radio transmission 
channels, one for standard a-m broadcasting, one for 
f-m broadcasting, and one for television. The over-all 
frequency spread allowed the stations is indicated. For 
amplitude modulation, itis about 10 ke, but may be as 
much as 20 kc, depending on the transmitter and loca- 
tion. For frequency modulation, the channel band- 
‘width is 200 ke, although only +75-ke deviation repre- 
sents 100 per cent modulation ; a 25-ke guard band is 
allowed on each side of the +75-ke peak deviation from. 
the center frequency. Television transmission requires 
much wider channels, each station being allowed 6 Mc. 
‘Rider, John F., "TV. 


sweep " Radio Service 
Dealer, vol.9, p. 1i, November, 1948, The following material 
is ‘excerpt from this article. 
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Fig, 1424 Three radio transmision channels, one for 
far television, The over-all frequency spread alowed he x 
tions is indicated. 





Checking Wideband Circuits (TV) 


The most convenient method of checking the per- 
formance of a wideband system, such as a TV ampli- 
fier, is 10 use a sweep generator and a cathode-ray 
oscilloscope, for development of a response curve. 
However, because of the general structure of the TV 
broadcasting system and the design of the receivers, it 
is not enough to view the response curve for one par- 
ticular channel. А 

The response of the circuits to frequencies of adja- 
cent channels must be checked, if for no other reason 
than to make certain that only the desired signals will 
be received and that all others will be rejected ; other- 
wise, interference will be experienced. Therefore, any 
signal source intended to provide a frequency-modu- 
lated signal for such circuit testing must furnish signals 
over a frequency band far wider than the individual 
station-channel under test. We are now concerned with 
TV sweep generators; the statement applies, however, 
with equal force to a-m and f-m channels. 


Sweep- Generator Fundamentala 

Obviously, all sweep generators must possess a fun- 
damental oscillator. Since the final output is an f-m 
signal of constant amplitude, additional circuits are 
required to produce the frequency changes, 

To attain a change in frequency of from 5 to 10 Me 
above and below a center frequency of from 100 to 200 
Me is not difficult. It often happens that undesired 
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variations in frequency, of this magnitude, are caused 
by shifts in the operating potentials. But when it is 
necessary to secure a frequency swing of from 10 to 
15 Mc around a center frequency about 25 Mc, such 
as may be required for checking picture i-f channels, or 
a swing of perhaps 2 Mc when the center frequency is 
4.5 Me, needed for checking sound i-f channels in inter- 
carrier systems, convenient operation by direct sweep- 
ing or frequency changing in the oscillating circuit is 
virtually impossible, Recourse to the beat-frequency or 
heterodyne method is then required. 


Hoterodyne Technique 

И а larger frequency deviation is required, a high 
center frequency must be used to keep the percentage 
deviation low for practical reasons. Heterodyne meth- 
ods can then be used to reduce all frequencies by a fixed 
amount, so that the same number of Mc deviations may 
be made to appear about any desired center frequency. 
This is, obviously, the familiar frequency conversion 
found in superheterodyne receivers. 

To perform the conversion, two signals of different 
frequency are applied to a nonlinear impedance. The 
resulting output consists of the fundamentals, sum and 
difference frequencies, and harmonics. By means of a 
selective output circuit, the desired signal is chosen. 
‘The nonlinear impedance may be a vacuum tube or 
crystal rectifier. 

If one of the signals is frequency-modulated, and it 
is heterodyned by an unmodulated signal, an f-m signal 
output will be obtained with a center frequency equal 
to the sum or difference of the original f-m center fre- 
quency and heterodyne signal frequency. In this sys- 
tem, accordingly, wideband sweep signals can be 









fcf) secs 
т-с OUTPUT 


An example to illustrate the above point is given in 
Fig. 14-25. The f-m oscillator produces a signal with 
a center frequency fo. The frequency deviation is fp. 
For the sake of discussion, assume fo to be 100 Mc and 
fo to be +5 Mc. Therefore, the frequency limits are 
100 — 5 =95 Mc, and 100 + $= 105 Me. The devia- 
tion is 105 ~ 95 = 10 Me. 

Let the frequency of the fixed r-f oscillator be 80 Mc. 
As can be seen from Fig. 14-25, the two signal sources 
feed into a mixer. The mixer output will contain, as 
the limits of the frequency variation : 





95 + 80 = 175 Mc. 
95—80 = 15 Ме 





It will also contain other signals, but our principal 
interest is in the sum and difference frequencies pro- 
duced. We have, then, 








Using the heterodyne system and an original devia- 
tion of 10 Me we have obtained an output which like- 
wise has a deviation of 10 Mc. However, the center 
frequencies now are 


185 — 178) 4175 = 180 Mc 


GBS") 4 15=20Me, 


By means of the heterodyning process, either a re- 
duction or an increase in the center freqeuncy of an 
fem signal can be accomplished without disturbing the 
amount of deviation. 

The figures quoted are purely illustrative. Other un- 
modulated and f-m signal frequencies could be and are 
used in sweep generators. The use of the heterodyne 
system is common to all TV sweep generators as a 
means of developing all or certain output signals, al- 
though it is necessary to mention that this “beating 
down” arrangement is used in most instances for the 
generation of the wide-swing low center-frequency 
signal required for i-f and associated circuit align- 
ments. 

The heterodyning system is not generally used for 
the development of the f-m signal at the TV carrier 
frequencies. As the ratio of the center frequency to 
the deviation increases, the design of direct sweeping 
circuits becomes simpler, because the percentage devia- 
tion is less, This is true for the high frequencies of the 
TV carrier. 


and 
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Obtaining the Sweep 

To obtain the deviations required in either the direct 
or heterodyne systems, either mechanical or electrical 
methods may be used. 


Mechanical Methods 


Let us examine, to start with, an ordinary L-C reso- 
nant circuit, shown in Fig. 14-26, The earliest form of 
frequency modulation probably occurred with the 
swinging of an antenna coupled to an r-f oscillator- 
type transmitter. In effect, C in Fig. 14-26 was paral- 
leled with a variable capacitor, which changed the fre- 
quency, — 

Опе of the earliest forms of sweep-frequency gen- 
erators used a small variable capacitor, in parallel with 
the main oscillating circuit capacitor, which was con- 
tinuously rotated by a motor. In present-day mechan- 
ical systems, a vibrating mechanism somewhat similar 
to a dynamic loudspeaker assembly is made to vary 
either the capacitance or the inductance of the f-m 
oscillator. 

If capacitance variation is employed, the vibrating 
mechanism, actuated by a variable voltage 60-cps sig- 
nal, may be mounted on a specially constructed variable 
capacitor which governs the tuning of an f-m oscillator 
system. The capacitance increases or decreases around 
a center reference value in accordance with the varia- 
tions in amplitude of the driving voltage. 

The driving voltage may be called the sweep ampli- 
tude control, since a high value of driving voltage 
causes a great displacement of the vibrating mechanism 
and, therefore, a great change in frequency, or wide 
sweep. Small amounts of driving voltage, on the other 
hand, produce less mechanical change and reduced fre- 
‘quency variation or narrower sweep. Inductance vari- 
ations may be obtained in a somewhat similar manner 
to cause frequency changes in a tuned circuit. A metal 
plate located near the f-m oscillator coil is vibrated, 
affecting the inductance, and a frequency modulation 
then occurs, since variation of either L or C in any 
tuned circuit will change the resonant frequency. 

This change, as in the previous case, is, within lim- 
its, proportional to the amplitude of the driving voltage 
acting on the electromechanical system. 
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Fig. 14-26—Basic L-C 
STAGE | resonant circuit. 


Electronic Methods 


There are also means of varying frequency directly 
by varying electrical quantities. The reactance-tube 
modulator and the variable-frequency klystron are two 
common means of doing this. 

A. In the reactance-tube modulator, an electron 
tube is used as a variable inductance or capacitance in 
shunt with the tuned circuit of an oscillator. Voltage 
changes at the grid of the tube, in accordance with the 
modulating signal variations, produce the req 
frequency modulation. The possible amount of direct- 
frequency modulation is somewhat limited, and this 
system is generally used with a beat oscillator to obtain 
a wideband sweep. The theory of f-m oscillators is 
given adequately in standard texts and, therefore, will 
not be repeated here. 

B. In klystron sweep generation, two reflex kly- 
strons are used. The klystron is a special type of tube 
which includes the oscillator circuit. This circuit can be 
mechanically adjusted over a small range to set the fre- 
quency, and a fine adjustment can be made by varying 
the electrode voltages properly. One klystrons func- 
tions as a signal oscillator in the neighborhood of 
10,000 Me ; it can be varied in frequency. 

The other klystron is the f-m oscillator, This tube 
also operates at a frequency of approximately 10,000 
Mc, but by varying the voltage applied to one of the 
tube elements, the repeller plate, the frequency of the 
output signal is thereby varied correspondingly, within 
certain limits, 

‘These frequencies, however, are entirely too high 
for normal use, and the heterodyning principle is ap- 
plied to produce output signals having frequencies in 
the usable region. The reason for using these high fre- 
‘quencies is, as explained before, to have a low percent- 
оде deviation with an adequate absolute (number of 
cycles) deviation. 


Marker Generation 


‘The sweep generator would be limited in usefulness 
without the marker generator. This is a means of giv- 
ing increased or decreased amplitudes for certain 
known frequencies, so that they may be recognized on 
the face of the cathode-ray oscilloscope. Two methods 
cof marker identification are in common use. One of 
these is the generation of unmodalated 1 signals in 
опе or more crystal oscillator cirenits. The signal fre- 
quency is known from the calibration ‘af the dévict. 





AUXILIARY EQUIPMENT 515 


When the signal is injected into the circuit being 
checked, it appears as a “marker pip,” or a few cycles 
riding on the response curve of the system being 
viewed on the oscilloscope screen. Exaggerated ex- 
amples are shown in Fig. 14-27. In some units, this 
marker signal source is a part of the TV sweep-gen- 
erator assembly, In others, it is a separate unit. 
The second system uses an absorption-type wave- 
meter which creates a dip in the response curve at a 
point corresponding to the resonant frequency of the 
wavemeter, The dip width is narrow because of the 
high Q of the wavemeter and loose coupling to the 


circuit under test. 
мал MANGER 
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M 
км км 
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Fig. 14.27—Exaggerated examples of marker-generator 
signal indica 


‘The range of marker frequencies provided in such 
calibrating systems extends over the TV carrier fre- 
quency band and over the sound and picture i-f ranges, 
including the sound-trap frequencies. 

The marker signals must be available over the TV 
carrier range and cover the alignment frequencies of 
the i-f channels in the TV receiver. 

‘While the principal purpose of the marker generator 
is to identify points on the response curve, as indicated 
on a cathode-ray-tube screen, it is also of value as a 
nonsweeping signal generator. Crystal-controlled oscil- 
lators will furnish a great many fixed points, accurately 
calibrated, usually in multiples of a quarter-megacycle ; 
variable-frequency oscillators can be adjusted to any 
value by means of a properly graduated dial. Instru- 
ments are available in which either crystal-controlled 
or manually adjusted operation may be obtained. 





Circuit Alignment and Response Curves. 


Although the process of alignment and the shape of 
the response curves will be discussed at length in Chap- 
ter 16, some mention of these subjects must be made 
at this time, so that the application of the sweep gener- 
ator may be understood. 


PICTURE SOUND 
CARRIER. CARRIER 
$125 65.75 МС 
OMC, 
Couriers RCA 
Fig. 1.22. curve for the r-t 
ie, 14-28 Response curve for the rf wages of a typical 
Alignment is a process of adjusting the resonant cir- 





cuits of a system so that the individual and the over-all 
frequency responses will be as desired. The process is. 
one of injecting a signal into a stage of amplification 
and noting the corresponding output ; if this is done at 
many frequencies for each stage, its frequency char- 
acteristic may be plotted, giving the response curve. 

The sweep-írequency generator applies frequencies. 
over the entire band under study; the output, when 
applied to an oscilloscope after detection, will produce 
the response curve if the oscilloscope sweep follows the 
frequency sweep. 

Fig. 14-28 shows a response curve for the r-f stages 
of a typical television receiver which, for the purpose 
of illustration, is tuned to channel 3. There is a 4.5-Mc 
separation between the sound and video signal carriers. 
Since the r-f portion of the receiver must pass both the 
sound and video signals, a bandpass of approximately 
6 Mc is required. 

The ideal response curve for the picture i-f channel 
is shown in Fig. 14-29. In this case, the receiver uses 
a picture i-f of 25.75 Me for channel 3, The frequency 
relation of sound carrier to picture carrier is reversed 
in the i-f amplifier, since the local oscillator operates at 





Ceren RCA 
Fig. 14-29.— Ideal response curve for the picture i-f channel. 
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a higher frequency than the carrier. The picture chan- 
nel will ordinarily have a bandpass of from 3 to 4 Me 
wide, the wider band giving increased picture defini- 
tion. 

The picture i-f response may vary with change in 
gain, and for this reason, the circuits should be aligned 
with approximately the same signal input and gain- 
control setting as they will receive under normal oper- 
ating conditions. Because many of the signal generators 
have attenuators in the various output circuits, it is 
possible to align the television receiver at any point 
from minimum to maximum contrast. The relative 
gain per stage can be accurately estimated on the screen 
of the oscilloscope. 

Alignment of any portion of a television receiver 
should not be attempted unless there is reasonable evi- 
dence pointing toward misalignment. The sweep ge- 
erator can be employed to check the condition of align- 
ment, as well as to facilitate the process of aligning. As 
mentioned earlier in this chapter, the marker gener- 
ator, used extensively in conjunction with sweep gen- 
erators, produces on the oscilloscope trace one or more 
small marks or pips of known frequency, so that not 
only the shape of the response curve, but also its posi- 
tion in the frequency spectrum, can be determined. 





PRACTICAL SWEEP-GENERATOR CIRCUITS 


The principles used in sweep generators for test and 
adjustments of TV and other circuits are combined in 


Variable-Inductance Multironge Sweep Generator 


Fig. 14-30 is a block diagram of a commercial TV 
sweep generator which uses mechanical variation of 
an inductance. The arrows on the connecting lines in- 
dicate the direction of passage of the signals in the sys- 
tem. The 60-cps input is the s rol voltage 
which actuates the vibrating plate for inductance varia- 
tion in the f-m oscillator circuit, 

A point of special interest is the method of selecting 
frequency ranges. The f-m difference-frequency sig- 
nals in the output are obtained by using different com- 
binations of fundamental and second-harmonic fre- 
quencies of the two oscillators. 

This unit has four f-m ranges — 0-40 Mc, 35-75 Mc, 
75-115 Mc, and 150-230 Mc. The 0-40 Mc range is 
obtained by means of the difference between the funda- 
mental frequencies of the two oscillators, the 35-75 Me 
range is derived by means of the second harmonic of 
the fixed oscillator beating against the fundamental of 
the f-m oscillator, the 75-115 Mc band is obtained from 
the f-m oscillator only, and the 150-230 Mc band is 
obtained by using the second harmonics of the f-m 
oscillator alone. 

Two marker oscillators are used. One uses crystals 
which may be selected for different fixed frequencies, 
while the other is a variable-frequency type in the 20-30 
‘Me range and is used for i- alignment. 


BCA WEB-58A Television Sweep Generator 


Another example of a TV sweep generator, the 
RCA WR-59A, is shown in block diagram form in 
Fig. 14-31; the full circuit diagram is given in Fig. 
14-32. F.m. is obtained by means of a vibrating capaci- 
tor in the oscillator circuit. The capacitor is driven by 


p 14-31. —Block diagram of RCA 
WA исе сатаа 


a G0-cps voltage. The f-m signal is fed to a mixer, with 
a signal from an adjustable-frequency oscillator. 

The f-m oscillator output signal is available through 
its own attenuator in the sound i-f channel range and 
‘TV carrier range. The output for the video or picture 
channels is taken from the mixer tube, and attenuation 
control of the output signal level is obtained in the 
mixer stage. This particular generator requires a sepa- 
rate marker-frequency unit, the RCA WR-39A Tele- 
vision Calibrator, Maximum convenience of operation 
is provided by the circuit design ; tuning is not required 
— switching permits selection of all the desired signal 
frequencies. 











RadioFrequency Oscillator 

‘The r-f portion of the circuit utilizes a 6J6 (V1) 
as a push-pull oscillator which is directly frequency- 
modulated at power-line frequency by the mechanical 
motion of the capacitor plates C10 and C11. These 
plates are driven by a precision moving-coil type drive 
assembly. The moving element of the capacitor is sus- 
pended by corrugated beryllium-copper straps. The de- 
Bree of f.m. is determined by the “Sweep Width” con- 
trol, which sets the voltage applied to coil L22 of the 
driver. The channel frequency of the r-f oscillator is 
determined by the setting of the “Channel” switch. The 
signal from the r-f oscillator is taken from the "Е-Е 
Output" jack on the front panel of the instrument. A 
piston-type variable-capacitor, “R-F Attenuator,” in 
the r-f output circuit controls the level of the output 
signal. 

In order to produce the zero baseline, GATÓ square- 
wave generator V5 biases the rf oscillator to cutoff for 
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one-half of the modulation cycle. The r-f output from 
the sweep generator will, therefore, sweep in one direc- 
tion, and the output will be zero for the return trace, 
The blanking-phase control R60 adjusts the phase of 
the square wave so that the r-f oscillator will commence 
its operation at minimum frequency and cease operat- 
ing at the maximum-frequency point. 

‘The a-c voltage at the “Scope” and “Ground” ter- 
‘minals produces a sine-wave sweep when applied to the 
horizontal-deflection circuit of a cathode-ray tube. The 
“Phase” control phases the horizontal sweep with re- 
‘spect to the output from the Sweep Generator. 


IF/VF Ranges 

When the "Channel" selector is set to position C, 
the output from the r-f oscillator is fed to a 6C4 hetero- 
dyne-detector tube 3. The output from a 6C4 fixed 
oscillator V2 is also fed to the detector circuit, and the 
difference frequency produced by the heterodyne action. 
is utilized for the IF/VF signals. 

The variable r-f oscillator, when the “Channel” se- 
lector is in position C, sweeps from 80 to 90 Mc. The 
frequency of the fixed oscillator is determined by the 
setting of the “IF /VF Sel” switch. Putting this switch 
in the "Video 0-10" position tunes the fixed oscillator 
t0 80 Mc, which, when heterodyned with the r-f signal 
of 80-90 Mc, will result in 0-10 Mc signal output. Also, 
at this setting of the switch, an absorption circuit is 
made effective to produce a marker dip in the oscillo- 
scope trace at 3 Mc. The “IF/VF Sel” switch when 
tuned to “PIX 5-15” or "PIX 20-30" will give an out- 
put of 5-15 or 20-30 Mc, respectively. 

The output from the 6C4 detector circuit is fed to a. 
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6J6 cathode follower V4, The IF/VF output is taken 
from the cathode of е 6/6. Тһе “IF/VF Atten,” 
which controls the IF/VF signal level, acts as a gain 
control in the cathode circuit of the 6C4 detector. 


RCA WR49 Television Calibrator 

‘The WR-39A Television Calibrator is a marker- 
frequency generator, designed to be used in conjunc- 
tion with the WR-59A Sweep Generator. The instru- 
ment combines the precision of crystal oscillators with 
the versatility of the variable-frequency oscillator. In- 
‘corporated in the instrument are all the elements of a 
‘complete frequency-measuring system, a variable- 
frequency oscillator, two crystal oscillators, a hetero- 
dyne detector, and an audio amplifier to aid in deter- 
mining zero beat. 

To permit identification of the frequencies of very 
weak si phone jack is provided on the front 
panel. A jack is also provided for the introduction of 
an external modulating voltage of any frequency when 
modulation of the output is desired. 

General Electric Sweep Generator Type STAA 

‘The General Electric Sweep Generator Type ST-4A 
is designed to produce an exceptionally wide linear 
sweep for use in television and f-m alignment and test- 
ing. The circuit is shown in Fig. 14-33. 





Circuit and Frequencies 

There are two oscillators, a linear sweep tunable 
through a range of 170 to 220 Mc, with adjustable 
sweep width, and a nonsweeping oscillator tunable 
from 220 to 275 Mc; there is also a mixer stage. Either 
of the two oscillators may be operated alone to obtain 
an output in the stated frequency range, or both may 
be used together to obtain a beat-frequency output for 
i alignment. 


Linear Sweep 

The linear sweep is produced by electrical means, 
directly, and therefore, has no moving parts. A 6J6 
oscillator has its coil wound around a powdered iron 
core placed in the magnetic circuit, or field, of a lami- 
nated iron reactor. The reactor has 60-cps voltage 
applied to its winding; the resulting flux varies the 
permeability of the powdered iron core, and therefore, 
the inductance of the coil. Thus the oscillator output is 
swept back and forth at power line frequency. Sweeps 
of from 500 ke to more than 15 Mc are available by 
applying more voltage from the transformer secondary 
to the reactor winding with the “Sweep Width” 
switch. 

The high-frequency band (170 to 220 Mc) is cov- 
ered by the Swept Oscillator alone, providing a maxi- 
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Fig. -33— Circuit of the General Electric sweep generator Type ST-4A. 
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mum output of at least 0.5 volts. The oscillator output 
is fed toa mixer tube and then to the r-f attenuator net- 
work, and the equipment output connections. 

‘The intermediate frequencies are covered by beating 
‘one oscillator against the other, which is tuned to a 
fixed frequency. Both oscillator outputs are fed to the 
mixer tube and the difference frequency signals of 4 to 
110 Mc appear at the output jacks. In this range the 
maximum voltage is at least 0.1 volt. A removable 
filter is included for use at the lower frequencies to 
attenuate unwanted high frequencies, particularly the 
oscillator signals when the beat frequency is desired. 

‘The output attenuator has five steps with a vernier 
control located at the terminal end of the output cable. 
This arrangement allows complete control from maxi- 
mum output to below 20 microvolts. 


Phasing Control and Other Features 

Phasing control is provided so that the sweep will 
not start at an intermediate point, of the band being 
swept, on the horizontal sweep output for the oscillo- 
scope. The sweep voltage is taken from separate wind- 
ings on the power transformer and fed through a cir- 
cuit which allows a total phase shift of more than 360° 
for complete flexibility. 

Other particular circuit features of this instrument 
include a cutoff pulse network, which stops the sweep 
oscillator during the return trace on the oscilloscope 
screen; in this way, the return sweep can be used as a 
zero reference line, There is also a slight unwanted 
amplitude modulation of the output of the sweep- 
frequency oscillator, which would cause a distortion of 
the trace on the oscilloscope; a special network R36, 
R37, R38, R39, and C28 applies a voltage of proper 





phase and amplitude through the transformer 72 to 
the oscillator, for the remedy of this shortcoming. 

‘The equipment is completely enclosed in double 
metallic shielding with double filters on all leads enter- 
ing the oscillator compartment. Thus, signal leakage 
is kept to a value that allows observation of response 
of the most sensitive television receiver, set at maxi- 
mum gain, without overloading. 


Marker Generator ST-5A 


The companion unit for the GE Type ST-4A is the 
Marker Generator Type ST-5A, whose circuit dia- 
gram is shown in Fig. 14-34. The marker generator 
uses two oscillators, a modulator, a three-stage ampli- 
fier, and two mixing stages to produce markers neces- 
sary to the alignment of f-m and television receivers. 

The block diagram in Fig. 14-35 shows the general 
circuit layout of the equipment. It will be noticed that 
there is no r-f output from the generator. The markers 
are not introduced into the receiver, but superimposed 
on the receiver output. Therefore, there is no distortion 
of the response curve and trap circuits can be tuned 
without losing the markers. 


Picture Carrier Oscillator 


The picture carrier oscillator uses half of a 12AT7 
tube 1. Itis a modified Colpitts type with a 15-posi- 
tion gang switch to switch any one of twelve crystals or 
three tunable circuits into its grid circuit. For greater 
frequency stability, the crystal fundamental frequen- 
cies are kept low and harmonic outputs are used for the 
desired picture carrier frequencies. The output of the 
picture carrier oscillator is taken from the cathode and 
fed to the grid of the mixer modulator tube, which is 
the other half of 1. 








SELECTRICALLY THE MODULATOR TUBE ACTS AS AN UNTUNED 
‘DETECTOR iM THE CIRCUIT. 


Fig. 14:35.—Block diagram of General Electric marker generator Type ST-SA. 
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Sweep Coupling 

A sampling of the sweep-generator output is cabled 
to the marker generator. This voltage is applied to the 
grid of the sweep coupling tube, which prevents inter- 
action between the pieces of equipment. The output of 
the tube is fed from its cathode to the cathode of the 
mixer modulator stage through C35. Since the mixer 
modulator grid is being driven by the picture carrier 
oscillator across a large value grid resistor, it is biased 
to the nonlinear portion of its operating curve. Thus, 
the tube acts as an untuned detector and demodulates 
the combined signals applied to it. This output appears. 
at the plate-load resistor and is taken off through C13 
to the grid of the first marker amplifier stage V3. 


Marker Amplifiers 


The three-stage marker amplifier, including V3 and 
half of V4, has been designed to give almost no re- 
sponse to a 60-cps square wave. This is necessary be- 
саше, when blanking is used, the sweep operates only 
during the trace period and is turned off for the retrace 
period. Therefore, unless the design is such as to pre- 
vent it, the detected output level would shift at the 
sweep rate of 60 cps. 

The control of the marker-amplifier output is ac- 
complished by the marker size control, in the grid 
circuit of the last marker amplifier. The output of the 
final marker-amplifier tube is fed to the cathode of the 


Supertmposing Section 

‘The output of the receiver being aligned is connected 
to /3, which injects the signal on the grid of the second 
half of V4 in the superimposing section. The detected 
marker signals are fed to the cathode of the same tube 
and the combined output appears at J to be trans- 
ferred to the vertical input circuit of the test oscillo- 
scope. The receiver response may be reduced to one- 
tenth ofits value by turning the attenuator switch 56. 


4.5 and 1.5 Mc Oscillator 


The crystal used in the crystal oscillator grid circuit 
is triple cut, and normally oscillates at 4.5 Me. By 
changing the plate tuning, it will also oscillate at 1.5 
Me. The plate-load switching is dote with the “Crystal 
Modulator Selector Switch” S2. B+ can be removed 
by actuating the “Crystal Modulator On-Off Switch” 


The output of the crystal modulator is fed to the 
plate of the modulator tube V1, where it beats against 
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Fig. 14-38 Adjncent channel and band-pass response 
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the picture carrier oscillator output, producing mark- 
ers 4.5 Me to show the relation of picture carrier to 
audio carrier (Fig. 14-36). 

In the 1.5-Mc position, markers are produced every 
1.5 Mc across the response curve, allowing the oper- 
ator to check adjacent channel response and band-pass 
characteristics (Fig. 14-36). 


The Kay "Meqasweep"* 

Because it is not of a usual type, since it uses klys- 
trons instead of the more common tubes, the Kay 
“Megasweep” sweep-frequency signal generator de- 
serves special discussion. The general principles of 
klystron oscillators and signal generators were given 
earlier in this chapter, 


Oscillator Components 

Fig. 14-37 gives the block diagram of the sweeping 
oscillator, which is a. generator com- 
bining the outputs of two X-band (3-cm) reflex klys- 
trons of the Sheppard-Pierce type in a mixing net- 
work. One klystron, called the signal oscillator, is at a. 
fixed frequency during operation of the instrument. 
‘The other, designated the local oscillator, is swept in 
frequency by the application of a sawtooth wave to its 
repeller. The two outputs are heterodyned in a micro- 
wave crystal mixer and the resulting difference fre- 
‘quency made available at the output terminals, 
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Fig. 14-37—Block diagram of Kay “Megasweep.” 


The sawtooth is generated by a gas-tube relaxation 
oscillator and serves not only to modulate the local 
Oscillator but also to develop sweep voltage for use in 
synchronization of an oscilloscope sweep. The power 
supply furnishes +300 volts, —300 volts (both regu- 
lated), and filament power. Ripple is kept very low so 
as to obtain stable klystron operation. 


‘Sweeping Oscillator 


Fig. 14-38 plified schematic diagram of the 
sweeping oscillator. All adjustments are available at 
the front panel, The sawtooth sweep-voltage generator 
uses the miniature 2D21 gas tetrode. The sweep rate 
control varies the capacitor charging time-constant to 
make available sweep rates from approximately 50 to 








100 cps. The sweep amplitude control adjusts the out- 
put frequency excursion up to a maximum of 40 Mc 
by controlling the magnitude of the sawtooth voltage 
applied to the local klystron oscillator repeller elec- 
trode, The use of this adjustable relaxation oscillator 
for the production of both frequency and oscilloscope 
sweep has not only added to the flexibility of the sys- 





tem, but has also eliminated the inconvenient phasing 
adjustments necessary when the line supply voltage is 
used for the same purpose. 

It is also possible to freqency-modulate the klystron 
from an external source by removing the 2D21 and 
feeding the external modulating signal into the instru- 
ment through the sweep output jacks. 


Mizing Oscillator Circuits 

The principal design problem associated with the 
mixing of the outputs of the two oscillators in the wave- 
guide system involved the efficient isolation of the os- 
cillators from each other to minimize “pulling,” or the 
tendency of one oscillator to drag the other into syn- 
chronization with it, when the frequencies are very 
close. Sufficient decoupling between the oscillators and 
their load is required. Fig. 14-39 illustrates the wave- 
‘guide system that was used. The chief feature of this 
system is the broadband directional coupler, which 
consists physically of three holes in the wall between 
the two waveguides. 

Directional couplers are designed to provide trans- 
mission between two waveguides (or transmission 
lines) in one direction only. For this particular system, 
the directional coupler allows energy from the signal 
oscillator to reach the crystal mixer, but ideally no 
energy from this source reaches the local oscillator. 
Similarly, a minimum amount of energy from the local 
oscillator reaches tbe signal oscillator. Transmission 
from one waveguide to the other is directed to the ter- 
mination and is almost completely absorbed. Thus 
local and signal oscillators are isolated and the pos- 
sibility of locking or pulling is minimized though not. 
entirely eliminated, as later explained. 

‘The signal from the signal oscillator undergoes 
about 10 db attenuation in passing through the direc- 
tional coupler and, constrained by the one-way prop- 
erties of the coupler, reaches only the crystal mixer 
assembly. There is little refection of this particular 
signal in either of the waveguides because the crystal 
assembly is in the shorter waveguide, and a carbon- 
coated “termination card” is in the other, Both provide 
loads of approximately the characteristic impedance of 
their waveguides. The signal from the local oscillator 
travels directly to the mixer. The portion of the signal 
from this source, which enters the longer waveguide 
by way of the three-hole coupler, is directed only to- 
ward the termination, where it is completely absorbed. 

‘The two attenuators indicated in Fig. 14-37 have 
somewhat different purposes. The attenuator between 
local oscillator and mixer decouples this oscillator from 
its load. As a matter of fact, the attenuation is inci- 
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dental, isolation being the primary function. The atten- 
wator in the signal oscillator path is actually the output 
attenuator ; that is, its adjustment controls the ampli- 
tude of the output from the sweeping oscillator. This 
is possible because the amplitude of a heterodyne out- 
put is dependent almost entirely upon the smaller of 
the two components, when the two are of widely dif- 
fering amplitude. The smaller of the two signals at the 
mixer is that of the signal oscillator, as this one is 
attenuated more in passing through the directional 
coupler. Hence, adjustment of the transmitted ampli- 
tude of the signal oscillator controls the output. 

This arrangement also prevents amplitude modula- 
tion of the local oscillator signal, associated with the 
frequency-modulating process, from appearing in the 
output. With the signal oscillator producing an output 
of constant amplitude, the output of this instrument is, 
therefore, substantially independent of variations in 
the amplitude of the local oscillator. 





Frequency Colibrating Circuit 
The frequency-calibrating circuit of this instrument 
is built around a precision coaxial absorption wave- 
meter, which is shown in Fig. 14-39. The outer con- 
ductor of the coaxial line is silver plated on its inner 
surface, and the movable center conductor, set by a 
micrometer-type adjustment, is an invar rod succes- 
sively copper, nickel, and silver plated. This type of 
construction, together with close mechanical toler- 
ances, insures high Q, negligible temperature coeffi- 
cient, and high over-all precision. 
The crystal current indicated on the microammeter 
A function of the rectified output of both the local 
and signal oscillators. Normally, however, the highly 
attenuated signal of the signal oscillator contributes a 
negligible amount to the total crystal current. Hence, 
in order to monitor the output or measure the fre- 
quency of the signal oscillator, it is necessary to stop 








Fig. 14-39—Precision coaxial absorp- 
tion wavemeter used in frequency-calibeat- 
ing orca. 


the local oscillator and increase the meter sensitivity by 
a pushbutton switch on the front panel, 

In the operation of this instrument, a reading pro- 
portional to the local-oscillator frequency is taken and 
recorded, with the sweep amplitude at zero. The push- 
button is then depressed, and à reading is taken of the 
frequency of the signal oscillator. The output frequency 
is then proportional to the difference of the readings. 

After the oscilloscope pattern is properly located and 
centered appropriately to the equipment under test, 
the calibration of the frequency axis of this pattern is 
accomplished by recording the wavemeter reading pro- 
portional to the wavelength of the signal oscillator, 
which is found by tuning the wavemeter until the am- 
plitude of the entire visible pattern decreases. The 
wavemeter is then varied until a movable dip is seen 
оп the pattern. The movable dip is an indication of the 
frequency of the local oscillator and is used to measure 
the width of the pass-band and, in conjunction with the 
signal oscillator reading, the absolute frequency. This 
procedure eliminates the use of any switching. 

The midpoint of the frequency excursion can be 
readily adjusted to a maximum of 500 Mc. This limit 
is not imposed by the frequency range of the two 
klystrons. Indeed, if only the range of the two oscil- 
lators were considered, a maximum midpoint fre- 
quency of nearly 1,000 Mc could be reached. This last 
figure arises from the fact that each oscillator has a 
frequency range of about 1,000 Mc, covering the band 
8,700 to 9,700 Mc. The upper frequency limitation of 
the instrument is determined by the properties of the 
output circuit. Much above 500 Me, the unavoidable 
capacitances in the crystal-mixer output circuit take 
their toll and the output amplitudes fall off. If, how- 
ever, a coaxial output circuit is used, it is possible to 
push the frequency limit up to 1,000 Mc. 

The sweep amplitude adjustment gives continuous 
control of the frequency excursion per sweep from zero 
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up to a maximum of 40 Mc. This large frequency ex- 
cursion, together with the frequency coverage, gives 
ample and flexible coverage for most if not all commer- 
cial vhf applications, including color television. 

With the local oscillator sweeping a frequency range 
that just or nearly includes the constant frequency of 
the signal oscillator, it is possible to obtain output fre- 
quencies close to the audio range. Ideally, of course, 
the complete audio band could be covered. This is not 
practically feasible, however, because even with a care- 
fully designed waveguide system, there is some pulling 
or interaction between the two oscillators when their 
frequencies are close. This interaction can be ascribed 
to the small departure of the waveguide terminations 
and crystal-mixer assembly from the ideal flat wave- 
band loading. It is this pulling which sets a low limit 
to the frequency range. 

In addition to the use of the sweeping oscillator as an 
aligning instrument, it is also possible to utilize the 
oscillator without the sweeping feature by simply set- 
ting the sweep amplitude at zero. This instrument, so 
operated, becomes a c-w signal source with the above- 
mentioned ranges. 





Markers 
No separate marker system is needed. The absorp- 
tion wavemeter which is part of the equipment is quite 

















Fig. 14-40.—Cireuit of the RCA WR-S3A f-m sweep generator. 





satisfactory to produce the characteristic absorption 
dip in the oscilloscope trace. 


RCA WRSSA F-M Sweep Generator 

Although most of the foregoing discussion has con- 
cerned signal generators for television receiver serv- 
icing — chiefly because this type of equipment has 
more technically interesting features — some mention 
should be made of a representative sweep-frequency 





ment. It provides a dependable signal for alignment of. 
i-f, and discriminator circuits in f-m receivers, 

The i-f oscillator is frequency-modulated by a bal- 
anced reactance-tube circuit. The frequency deviation 
is linear for a frequency swing of +400 kc at 10.7 Mc, 
the standard intermediate frequency. The balanced 
modulating circuit results in maximum oscillator sta- 
bility consistent with wideband frequency modulation. 
The instrument contains a special output circuit which 
results in very low leakage. 

The unit comprises a frequency-modulated oscillator. 
for i-f alignment, which is tunable over a range from 
83 to 108 Mc, and an r-f oscillator (c-w or a-m) 
which can be varied in frequency from 85 to 11 Mc; 
there is a switch to select the type of operations. The 
output from the generator is variable from approxi- 
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mately 0.1 volt to less than 20 microvolts by means of. 
ıa “Step and Fine Attenuator.” Additional attenuation 
may be achieved by use of an attenuating connector, an 
accessory which is connected to the output of the 
Sweep Generator. It places a low impedance across the 
output cable, under control of a switch. 

The circuit is shown in Fig. 14-40. The i-f circuit. 
consists essentially of an electron-coupled oscillator 
fusing a 6AKS, which is frequency-modulated by the 
6AGS reactance-tube modulators. The modulation 
level, or maximum frequency deviation, is controlled 
by the “Sweep Width” control R25-R26. The modula- 
tion frequency is the frequency of the power line or 
some external source, as selected by a switch. 

The output from the if oscillator is fed to the GAGS 
cathode follower which acts as a buffer stage between 
the oscillator and the output circuit. The -f signal from 
the cathode follower is fed through an attenuator cir- 
cuit, previously mentioned, to a jack. 

The r- oscillator uses a Hartley circuit, with a 6C4, 
‘The frequency is continuously variable from 85 to 110 
Mc. The signal is fed by stray capacitance coupling 
into the attenuator circuit, from which an output from 
0.1 volt to less than 300 microvolts is available at the 
output jack. By using the attenuating connector, the 
r-f output range is from 10,000 microvolts to 5 micro- 
volts, approximately. Provision is included for ampli- 
tude modulation of the r-f oscillator at twice the supply 
frequency. Operation of the r-f or i oscillator is se- 
lected by a switch. Terminals are provided on the front 
panel for obtaining deflection voltage for a cathode-ray 
‘oscilloscope. 


Hickok Oscilloscope Model 505A 


With progress in the development of radio test ap- 
paratus, there appeared to be a demand for equipment 
in which the cathode-ray oscilloscope and the signal 
generator were combined in one unit, thereby simpli- 
fying operations, and reducing the number of separate 
test units required, as well as the cost. One such com- 
bination is the Hickok Oscilloscope Model 505A, a 
block diagram of which is shown in Fig. 14-41, and the 
complete circuit fi Fig. 14-42. 

As shown in the lower right portion of Fig. 14-42, 
the rf oscillator section comprises a 6SN7 tube V7 
used as an r-f oscillator and mixer, and a GAC7 tube 
V8 used as a reactance tube. The f-m selector switch 




















la 





T 





Ei 








be 





























Courtery Hicon 
Fig. 14-41.—Block diagram of Hickok SOSA cathode-ray 
‘oscilloscope containing built-in sweep. 


S5 determines the frequency of the oscillator and 
whether itis externally or internally frequency-modu- 
lated. 

One triode section of the 6SN7 tube is used as the 
r- oscillator and operates ata fixed frequency of either 
1,000 ke with inductance L¢ in the circuit, or 50 Ме 
with inductance LS. 

With 55 in the 0-30 kc sweep position, the output s 
1,000 кс, frequency-modulated at 60 eps with a sweep, 
variable from zero to 30 kc (15 kc each side), depend- 
ing upon the position of sweep-control potentiometer 
R45, With SS in the 0-450 ke sweep position, the out- 
put is SO Mc, frequency-modulated 60 cps with 0-450 
kc sweep, variable, depending upon the sweep-control 
setting. In either case, the reactance tube 8 is used as 
a variable capacitive reactance to frequency-modulate 
the oscillator, Potentiometer R41 controls the output 
level of the oscillator at the r-f output binding post. 

The remaining section of V7 may be used asa mixer, 
when an external source of f. is connected to the “Ext 
Osc” input, to produce a variable frequency-modulated 
rf signal, the frequency range of which will depend 
upon the frequency range of externally connected sig- 
nal generator. 

The oscilloscope is straightforward, with no unusual 
features requiring discussion. It shares the power sup- 
ply with the signal generator. There are all the usual 
controls, including optional return-trace blanking for 
G0-cps sweep. 
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CHAPTER 15 
TESTING AUDIO-FREQUENCY CIRCUITS 


‘The fundamentals of audio measurements and tests 
using the cathode-ray oscilloscope apply in the design 
and maintenance of the audio systems of receivers, pub- 
lic-address equipment, and transmitters. 


DEMODULATORS AS AUDIO SOURCES 


It is necessary to consider the source of the audio 
signals and their characteristics. The output of an 
amplifier is dependent upon the nature of the input 
signal, If any audio source feeds a distorted signal into 
an amplifier, the result will be a distorted output. As 
the demodulator or second-detector stage of a radio 
receiver is a very common audio source, we may con- 
sider some of its features. 





Demodulation of A-M Signal 


The type of demodulator (detector) found in most 
receivers produced in recent years is the diode. Its 
popularity is primarily based on its relative simplicity 
and low distortion. In the early days of radio, the fidel- 
ity and faithfulness of tone provided by the crystal 
diode were noteworthy, but high-amplitude signals 
caused it to distort. This fault is corrected in modern 
receiver designs using the electronic tube diode. 

A normal amplitude-modulated signal is shown in 
Fig. 15-1A. This signal, when applied to a diode de- 
tector, results in the audio voltage waveform shown at 





(B) in the same figure. The output essentially is an 
undistorted sine wave, showing the voltage across the 
diode load impedance. 
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Fig. 15-2.— Standard diode detector circuit. Audio voltage 
appears across the volume control. 


A typical and very common circuit used with diode 
detectors is shown in Fig. 15-2. C1, R, and C2 form an 
r-f filter. Fig. 15-3 shows the effect of r.f. on the oscil- 
loscope pattern. At (A), there is an indication of the 
presence of rf., as shown by a vertical broadness, or 
fuzziness. At (B) of the figure, the signal has been 
filtered properly ; note that the line appears sharp. 
Ifa circuit parameter changes, such as the diode load 
impedance, due to the development of a receiver defect, 
distortion may be caused. A rather common trouble is 
a variation in an upward direction of the resistance of 
R2 in Fig. 15-2. If the proper value is between the 








Fig. 15-1—(A) The broadness of this waveshape indicates 
that some r-t. is present in the output af the demodulator; (B) 
the waveform obtained after filtering ont the r.t. in (A). Note 
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Fig. 15-4.—The top portion of 
the figure shows the modulated 
wave from the i-f amplifier. The 
bottom portion shows the dis- 
torted audio voltage output of the 
demodulator, taken across the 
diode load resistance. 


limits of 250,000 ohms to 1 megohm and the resistance 
changes to 2 or 3 megohms, considerable distortion 
results. This is illustrated in Fig. 15-4 where the modu- 
lated wave, which is the r-f source signal at the i-f level, 
is shown; and accompanying it in the lower part of the 
illustration is the distorted demodulated potential. 

The source which drives the detector also has con- 
siderable influence on the detector output waveform. 








Fig- 15-5—(A) Wave- 
form resulting from over- 
loaded i-f amplifer; (B) 
demodulated distorted out- 
put for (A) ; (C) heavily 
overloaded i-f amplifier 
‘output waveform ; and (D) 
increased distortion effect 
observed at detector out- 
put for (C). 

















An overloaded i-f amplifier waveform output is shown 
in Fig. 15-5A. The demodulator output for this type 
of source signal is shown in Fig. 15-5B. Heavy over- 
loading and the corresponding demodulator output are 
shown in Fig. 15-5C and D. It should be remembered 
that these are amplitude-modulated r-f signal sources. 
If the wave is frequency-modulated, nothing significant 
can be learned by applying the i-f output to the oscillo- 
scope. 

If, in the case of high-level modulation, the i-f sys- 
tem in an f-m set is tuned too sharply, amplitude dis- 
tortion will result and a sine-wave modulating signal 
will be reproduced as a nonsine wave. If the f-m i-f re- 
sponse curve is not symmetrical, amplitude or phase 
distortion, or both, may be the result. 


Demodulation of F-M Signal? 

The use of a sine-wave-modulated f-m generator 
leads to the trace shown in Fig. 15-6A under normal 
conditions in testing an f-m detector. If there is phase 
distortion or if a proper balance does not exist, two 
traces, as shown at (B), will be obtained, Both curves 
are alike, but at (A) they coincide while at (B) they 
are slightly separated. 


(A) (B) 


1$-&—(A) "S" curve of f-m detector in normal opera- 
tion; (B) imperfect balance or phase distortion causes a double 
= 





The modulating voltage of the signal generator is 
fed to the oscilloscope external sweep terminals to per- 
mit perfect synchronization. If a fault exists in an f-m 
detector, it is likely to be detected when attempting to 
align the stage ; the nature of the trace obtained on the 
oscilloscope will be a clue to the cause of the actual 
trouble. 

1Rider, John F, and Uslan, Seymour D., “FM Transmission 


and Reception,” John F. Rider Publisher, Inc, New York, 
N.Y, 1998. 
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last i-f transformer secondary аге mis- 
aligned. 





(А) (в) 


F-M Locked-in Oscillator! 

Oscilloscopic patterns of response curves obtained 
in the visual alignment of a locked-in oscillator are 
shown in Fig. 15-7. At (A), the quadrature circuit is 
misaligned, At (B), the circuit is correctly aligned. At 
(C), the quadrature circuit and the last i-f transformer 
secondary are both misaligned. When a marker gener- 
ator is used, the curves appear as in Fig. 15-8. The rf 








15-8—(A). Marker frequency indication at center of 
(В) marker frequency indication at lower 
portion of the curve; and (C) indication at 





input to the detector (i-f stage) may be something like 
that in (A) or (B) of the figure. At (A), the center 
frequency is identified by the marker. At (B), the 
lower-frequency limit is indicated. The break at the 
upper-frequency end is indicated in (C). In any case, 





the audio signal is to be fed to the input of the audio. 
amplifier. 
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AUDIO SYSTEMS 


The oscilloscope is used for studying audio systems 
as well as the demodulation or detection process, In 
such a case, itis usually convenient to apply an audio 
signal of known characteristics, from an appropriate 
signal generator, rather than to use a received and de- 
tected signal. Various types of audio signal generators 
are available; they may deliver a constant-frequency 
sine wave, manually adjusted, or a rapidly varying fre- 
quency to cover a frequency band, automatically con- 
trolled and repeated at a constant “sweep” frequency, 
or the output may be a square wave rather than sinu- 
soidal ; the advantages of the square wave will be dis- 
cussed later in the chapter. Other special types are 
available as well. 


Basic Test Setup 

A simple setup is shown in Fig. 15-9, The signal 
generator may be any one of several types. The use of 
a sine-wave generator will be assumed here, First, the 
wavelorm of the generator output is checked. A typical. 
sine-wave pattern is shown in Fig. 15-10, The gener- 
ator is adjusted to some convenient level, such that the 
first stage of the audio amplifier will not be overloaded. 
If the amplifier is designed to work with an ordinary 
Phonograph crystal pickup, the input voltage should 
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Fig, 15-10—Sine-wave sig- 
nal at input to audio amplifier. 





service with a low-level microphone, or phono-pickup 
of the variable-reluctance type, the output should not 
exceed 0.1 volt, 

‘Unless the attenuator of the signal generator is prop- 
erly designed, and used, the amplifier input stage may 
be overloaded, which will give an erroneous indication 
of distortion. If the amplifier has a high input imped- 
ance, and the generator output impedance is low, the 
generator will form a shunt on the amplifier input cir- 
cuit so that the amplifier, when tested, will not be work- 
ing under normal conditions. To overcome this defect 
in the test procedure, an isolating resistor may be used, 
as shown in Fig. 15-9, between the signal generator 
and the amplifier. 

‘The presence of capacitance in the input impedance 
of the amplifier may result in a high-frequency voltage 
drop across R. This effect can be corrected by shunting 
R with a capacitor of about 0.001 pf. The adjustment 
should be made so that there is essentially constant 
voltage across the input circuit of the amplifier as the 
frequency of the generator is varied. 

If the generator is a simple variable-frequency type, 
it may be set by hand to a number of convenient test 
points such as 40, 120, 240, 400, 2,400, 4,000, 8,000 
‘and 10,000 eps to cover the audio range. The height 
of the trace (sine wave) on the oscilloscope should be 
relatively constant for a constant output voltage from 
the generator. 

As some generators vary widely in output voltage 
over the audio band, it is good practice to check the 
generator output. This may be done by shifting the 
‘oscilloscope input directly to the generator output ter- 
minals, For many tests, no such precision is requiret. 

When the generator is a sweep sine-wave type, its 
frequency is automatically varied at, perhaps, 30 times 
per second. The sweep may extend down to zero and 
"up to as high as 10,000 cps, depending upon the design. 
Using this form of generator, the external sweep of the. 
‘oscilloscope is synchronized with the sweep-circuit volt- 
age source in the generator. In this way, an automatic 
plot of the frequency response curve of the amplifier is 
secured. In testing audio amplifiers, phase distortion 
is usually considered unimportant. However, recent 


developments indicate that phase distortion may be of 
more importance than was supposed ; this subject will 
be discussed later in this chapter. 

There are, then, amplitude, frequency, and phase 
distortions to be considered. Using the circuit of Fig. 
15-9, and assuming the use of a simple sine-wave gen- 
erator, the waveform of the input and output signals 
can be compared by the use of switch S. It is important 
that the input and output impedances of the amplifier 
be like those obtained under working conditions, if 
worthwhile information is to be obtained from the os- 
cilloscope patterns. 

Tt may be mentioned, however, that the use of a sine 
wave for distortion testing, with an oscilloscope, is not 
very effective, since, at ordinary volume levels, the ear 
will indicate distortion before it becomes apparent on 
the screen, Therefore, relatively large amounts of dis- 
tortion may be produced before the condition becomes 
evident by observation of the pattern. At loud signal 
levels, however, the oscilloscope is more sensitive as an 
indicator of distortion than the ear. 
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Fig, 1£11—7By controling the amplifier output with the 
Шопен Piimperisam ol deinput and output waveforma 


Consideration must also be given to the relative dif- 
ference in signal power levels and voltages at the input 
and output of an amplifier. If the voltage, for example, 
is 0.1 volt at the input and 10 volts at the output, the. 
vertical gain control of the scope will need to be reset. 
as the instrument is shifted from input to output. To 
compensate for this effect, a voltage divider may be 
placed in the circuit as shown in Fig. 15-11. The value 
of potentiometer P may be about 1 megohm. As the 
potentiometer resistance is very high, its load-shunting 
effect is negligible. The arm setting is adjusted so that 
the height of the trace, with the vertical gain un- 
touched, is approximately the same as that obtained 
for the input circuit waveform. 
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Sine Wave Testing’ 

И а sine-wave input is supplied to an audio trans- 
mission system and a distorted-wave output is ob- 
tained, the cause of the distortion must obviously lie 
in the system, which acts on the wave to change its 
characteristics. The greater the distortion, the more 
noticeable is the change in waveform. 


ig, 19-12 


(A) Sine-wave signal at input to an amplifier; 
(B) distortion shown by flattening of negative peaks ; (C) ex- 
tortion shown by flattening of negative and positive 
(D) severe distortion indicated by squaring of sine 


Fig. 15-12 shows several patterns. At part (A) of 
the figure, the sine-wave input signal to an amplifier 
is shown. At (B), (C), and (D), are patterns indicat- 
ing distortion of the output signals. (B) indicates a 
flattening of the peaks on negative portions of the sig- 
nal cycles. Too high a value of grid bias on a voltage- 
or power-amplifier tube would cause this trouble. Too 
low a value of plate or screen voltage would cause simi- 
lar trouble, At (C), flattening of the positive peaks as 
well as the negative is indicated. Too large an input 
signal could cause a pattern of this sort to be developed. 
Increasing the signal input level still further results in 
greater distortion, as shown at (D). This pattern sug- 
gests that a square wave may be obtained by overdriv- 
ing an amplifier stage. 


Г _Fig. 15.13. — Excessive 





A condition of excessive bias on the push-pull output 
tubes of an audio amplifier is shown in Fig. 15-13. Too 
high a value of cathode circuit resistance could be re- 
sponsible for the excessive bias. The peculiar shape of 
the waveform is a characteristic of beam power tubes 
when operated with excessive bias. 








Fig. 15-14—Avdio push-pull power amplifier stage with 
phase inverter. 


A short circuit between the grid and ground in out- 
put tube 3, in the circuit of Fig. 15-14, produced the 
pattern shown in Fig. 15-15. If the short had occurred 
in output tube V2, no signal would have been obtained 
in the output. 





Fig. 15-16 shows the distortion due to an open grid 
circuit at one of the push-pull output tubes, The dis- 
tortion is most evident at the waveform peaks, and in- 
dicates a blocking action by the tube, caused by the 
“floating” grid which does not have a d-c return circuit 
path to ground. g 
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Fig. 15-16.—Distortion due 
to an open grid circuit at one 
(of the push-pull output tubes. 


‘The pattern shown in Fig. 15-17 illustrates the effect 
produced by an open cathode bypass capacitor in the 
output stage. In many output circuits, this bypass 
capacitor is omitted when the push-pull circuits are 
balanced. However, if these circuits are not properly 
balanced due to compromises in design or deficiencies 
in the output transformer, the bypass capacitor is nec- 
essary to prevent undesirable coupling between the two 
push-pull tubes. In an amplifier of this kind, distortion 
as indicated will result if this bypass capacitor becomes 
open-circuited. 


Fig, 15-17.—Effect pro- 
duced by an open cathode. 
bypass capacitor in the out- 
Dut stage, 


Fig. 15-18 illustrates the effect caused by a short in 
one half of the output transformer primary. A leaky 
coupling capacitor to one of the output tubes results in 


Fig, 15-18 —Effect of a 
short circuit in one-half of 
the output transformer pri- 
mary. 








the pattern shown in Fig. 15-19. A positive voltage 
from the plate of the preceding tube is applied through 
the leaky coupling capacitor to the grid of the output 
tube. This causes the tube to draw grid current on sig- 
nal peaks as shown on the waveform. 


Fig. 15-19—A leaky coupling 
capacitor in one of the out 
tobe grid circuits results in this 
pattern. 








One of the advantages of push-pull output over 
single-ended output stages is that the distortion 
greatly reduced. This is because the even harmo 


Fig. 1520 — Distortion. \ 
‘dye to inoperation ‘of one | 
of the output tubes. U 


produced by any nonlinearity in the output stage will 
be cancelled out. If one of the output tubes is not func- 
tioning due to tube failure or lack of signal input, these 
even harmonics will no longer be cancelled out and dis- 

















Fig. 15-21—Mixer circuit of public-adéress amplifier system, 
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tortion in the output signal will be apparent. The latter 
condition is illustrated by the pattern shown in Fig. 
15-20. The distortion seen in this waveform is due 
mainly to the presence of second harmonics which are 
normally cancelled out by the action of the push-pull 
output stage. 

A mixer circuit of a public-address amplifier system 
is shown in Fig. 15-21. The pattern resulting from a 
shorted cathode bypass capacitor in this circuit is 
shown in Fig. 15-22. 


Fig. 15-22. — Pattern 
resulting from a shorted 





Recetver Audio Systems 


From the audio system of a receiver, the typical test 
patterns of Fig. 15-23 were obtained. At a medium 
volume-control setting, a sine-wave output was ob- 
tained, shown at (A) in the figure, indicating negli- 
gible distortion. The signal amplitude at the input was 
equivalent to the average output level of the diode de- 
tector of the radio, Advancing the volume control, so 
that there was some overloading, produced the wave- 
form at (B), showing distortion. By turning the vol- 
ume control full ON, the distortion became more 
severe, as at (C). 






Fig. 15-23—(A) Negligible 
distortion in output of receiver 
audio system; (B) evidence 
of some distortion; and (C) 
severe distortion in output of 
audio amplifier. 


Phase Inversion 


Many amplifiers use phase-inversion stages to per- 
mit push-pull operation. If a nonsinusoidal wave signal 
is fed to a push-pull stage through a phase inverter that 
is working properly, the inverter will shift the phase 
of the distortion. This is illustrated in Fig. 15-24. The 





Fig. 15-24—(A) Distortion on upper peaks of signal in grid 
input circuit; (B) lower peaks distorted due to phase inversion. 


signal at one grid of the push-pull stage is distorted on 
positive peaks ; at the other grid, it is distorted on nega~ 
tive peaks, the wave having been shifted in phase by an 
angle of 180°. It is also quite noticeable that unbalance 
exists, since the amplitudes are different. 


Class B Amplification 


The preceding discussion dealt with class A voltage 
and power amplifier. In a class B system, the condi- 
tions are different, and the oscilloscope patterns are 
correspondingly different. Fig. 15-25A shows the out- 


VM" 


(A) (B) 


Fig. 15-25—(A) Output of class A driver stage; (B) input. 
voltage to cass B stage. 


put of a class A driver stage. The driver supplies grid 
excitation voltages to a class B stage as shown in Fig. 
15-26. The coupling transformer T1 steps down the 














t 
Fan crass 
PUSHPULL 
CLASS B 
‘STEP-DOWN 
‘TRANSFORMER 


Fig. 15-26 —Cireuit of class B output stage with class A driver. 
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Fig. 15:27.—(A) Waveform of 
E voltage; (B) waveform of ES 
voltage; (C) wavelorm of Eó 
voltage. All of these are with ref- 
erence to the circuit in Fig. 15-26. 


voltage so that in Fig. 15-25B, the trace is smaller in 
amplitude than at (A). 

‘The waveforms of the voltages E4 and E5 are alike 
and are shown, respectively, in Fig. 15-27A and B. 
‘The voltage E6 across the output transformer primary 
is shown at (C) of the same figure. The output voltage 
across the load resistance Ry, is shown in Fig. 15-28A 
and the voltage at one output tube plate is indicated in 
Fig. 15-28B, As a class B tube functions only during 
half a signal cycle, cutoff is indicated. Two such tubes, 
‘working on alternate half-cycles, combine to give a full 
cycle of voltage across the secondary. 








Fig. 19-28.— (A) Output voltage across load resistance Ry; 
(B) voltage at one output tube plate. 


Checking Frequency Response 
of An Audio Amplifier 


‘The frequency response of an amplifier may be 
checked using the circuit arrangement of Fig. 15-9. 
‘The audio signal generator is a variable-frequency 
type. Switch S is thrown to position 2 to check the in- 
put, which should be constant at the various test fre- 
‘quencies. The amplifier gain control may be set at half- 
maximum since half or less of the full rotation will 
usually be used in practical applications. The tone con- 
trol may be set at Normal. Frequency runs, if desired, 
can be made for other tone-control positions. 

A one-megohm resistor may be connected in series 
with the test lead if the shunting effect of the oscillo- 
scope input is noticeable ; it usually is not required, and 
it should not be used unless necessary since it reduces 
the sensitivity of the oscilloscope. 


‘The height of the trace on the screen may be noted 
at some reference frequency ; 400 or 1,000 eps is com- 
monly used. The output at other test frequencies is 
then specified with respect to the reference frequency 
value. The various values may be plotted on graph 
aper to get the frequency response curve of the am- 
plifer. 

Actually, for this kind of work, a db meter or high- 
impedance a-c voltmeter would be simpler and better 
than the cathode-ray oscilloscope, but in any case, the 
taking of such data would be a slow and laborious task, 
A much more convenient method will be described 
shortly. 


Fig. 15-29.—Oscillation. 
in an audio amplifier. 





Oscillation 


Fig. 15-29 shows the effect of oscillation in an audio 
amplifier. If an output voltage waveform of this kind 
is obtained at the output of a stage but not at the input, 
the stage is oscillating. A pattern indicating a spurious 
oscillation is shown in Fig. 15-30. Spurious oscilla- 
tions occasionally occur in beam-power and pentode 
output tube circuits, In tracing this type of oscillation, 
the oscilloscope must be used as the indicator as the 
frequencies are usually above audibility. 

In the work described, a signal generator supplies 
the signal. In other cases, the receiver audio input, or 
P-a input, would be driven by a diode detector. 














Fig. 15.30—Pattern Шш- 
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SWEEP-FREQUENCY TESTING 

The tedious task of point-by-point determination of 
the frequency characteristic can be eliminated and an 
immediate display of the curve presented by a rather 
simple means, If the audio oscillator supplying the sig- 
nal is made to vary its frequency, automatically, over 
the desired range, and at the same time cause the hori- 
zontal deflections on oscilloscope screens to represent 
frequency, then the audio output, applied to the vertical 
deflection system, will produce a visual characteristic 
curve. The basic arrangement of such a system is 
shown in the block diagram of Fig. 15-31. 





EXT. SYNC. 


15-31,—Test equipment setup for aweep-frequency test- 
audio amplifier. 





q 


‘The audio band may be swept continuously from 20 
to 20,000 eps, or other frequency bands, according to 
the design of the generator. The various types of ap- 
paratus vary somewhat in details of construction and 


operation. 


Clarkstan Audio SweepFrequency Generator 


‘An audio sweep-frequency generator of unusual 
design is shown schematically in Fig. 15-32. Since the 
patterns obtained are dependent on the equipment 
used, a brief discussion of the signal-generating prin- 
ciples involved is in order. 

‘The basic principles of this instrument, the Clark- 
stan Model No. 125 sweep-frequency generator, are 
illustrated in Table I. A special disk is used, which has. 


TABLE I 


Sreciricarions, 
SF Generator Model No. 125 
OUTPUT? volts, open circuit; 0 milliwatts or 5 volts into 
500 ohms. 


IMPEDANCE Internal 200 ohms. 
POWER CONSUMPTION—25 watts, 118 volts, 50 and 


@, 
capiveT MOUNTED—19%e" x8" x OMe" deep. 
WEIGHT —18% ene 
FINISH—Dark maroon Burlene baked enamel, 
GEE tubes suplied, 2.707 1-705; 1 3Az4; 1927, 
ew 
‘oper canning Disk No. 130 o bf ased with 
'SF Generator No, 125 
FREQUENCY RANGE: Aspa to 10 k with 0 cpa ae. 
MARKER PULSES at 1,3, 5,3,9. and 10 ke, 
SWEEP FREQUENCY governed by 20 synchronizing pulses 
per second. 
(With S0 cps ac., the range is 33 cps to 8.325 ke with f 
Markera at B3, 2800, 4190, S840, 6250, 7500, and B325 ep). 








Fig. 15-32 —Circuit of Clarkatan Model 125 sweep-frequency generator. 
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the sweep-frequency waveform upon it, as a transpar- 
ency. Light from the bulb source goes through the 
special disk, shown in Fig. 15-33, to the photo cell, 
which then delivers a signal to the input of the audio 
amplifier. The audio output of the amplifier may then 
be fed directly to the vertical deflection plates of an 
oscilloscope, or to the vertical amplifier input of the 


T 
eT PHOTO CELL 

/ 

кча auio 
©) FEY aweuieier J auo. 

MOTOR 

ORIVEN 

DISK 


селеу Сөн Сењ 


Fig. 15-33 —Basic principle of photoelectric cell, disk-scan- 
ning type of sweep-frequency generator is illustrated here. 





Cerner Clarkston Corp 


Fig. 15.34—Card standard for generator system shown in 
Fig. 15-32. The card is a transparency $ inches in diameter, 
scanned with a 0.00S-inch X inch light beam. It is rotated at 
600 rpm, producing a sweep frequency of from 40 to 10,000 cps, 
ten times per second, alternating with an unmodulated baseline. 
‘The variable width of the baseline compensates for photographic 
anomalies so that a mean average track density is maintained. 
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Courtery Ciarhstan Corp. 


Fig. 15-3S—The signal, as it comes from the generator, 
covers a band 40 cpa to 10 ke. Tt is fiat over this range to within 
1 db. The frequency markers occur at 1, 3, 5, 7, 9, and 10 ke. 
The baseline is useful for determining relative amplitudes. The 
reduction of any point to half its amplitude is equal to an atten- 
vation of 6 db. 


oscilloscope. The vertical gain control of the oscillo- 
scope and the output control of the sweep-frequency 
generator are adjusted to convenient settings to permi 
clear presentation of the patterns and a minimum of 
overloading and distortion. The oscillograms, Figs. 
15-34 through 15-45, depict various conditions that 
may be obtained. The captions are self-explanatory, 





Wi TM 





сенти Clarkston Corp 
Fig 15-36.—A network composed of L, C, and R across « 


S00-ohm line. By observation, the resonant frequency ia 5500 
cps and the attenuation at that frequency is 6 db. 





сонни Синин Corp 

Fig 15-37—Waveform obtained with a network of Land C. 
connected across the line. A high Q is used. The attenuation is 
18 db. The resonant frequency is 450 cps. 





Couriary Clarkston Corp. 


Fig. 15-38—Waveform obtained with a band-pass network 
in series with a $00-ohm line. The network consists of parallel 
L and C resonant at 1,500 cps. The system is used to achieve 
‘narrow-band operation in communications. 
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Courtery Clarkston Corp. 


Fig. 15-43—Response with tone control set for minimum 
attenuation of high-frequency signals. 





Courtesy Clarkston Corp 


Fig. 15-39—Pattern obtained using an inductance of several 
henrys in series with a terminated $00-ohm line. High-fre- 





Courteny Clarbton Corp, 
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A normal -db per -octave attenuation tending toward the lows 
is doe to the velocity effect F rom 4000 cpa up, the attenuation 
is due to the gap effect in which the recording and playback 
dimensions approach the wavelength on the wire. 





Coursery Clarkston Corp. 


Fig. 15-41—Response of an amplifier to 10 ke, showing a 
radial attenuation of high-frequency seals, with maxim 
alienation of $ db at o equivalent effect may be pro- PUE 


Fig. 1545.—Effect f a simple L-C circuit resonant at 3,000 eps. 





Bect Frequency Audio Sweep Generator 

‘The patterns obtained using an audio sweep gener- 
ator of the beat-frequency type are somewhat different 
(for practical rather than theoretical reasons) than 
those secured with a photoelectric-type generator or 
mechanically driven unit, It is, therefore, worthwhile 
to consider some of the fundamentals involved in the 
generation of an audio sweep using this type of equip- 
ment. 
As in the previous case, if thefrequency of the audio 
output voltage is varied repetitively over the range 





Courtet Carton Corp, 
ый 1542— Efect of capacitanoe in series with a даа 
line. 
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sufficiently often, a means is provided of continuously 
viewing the frequency-amplitude characteristic of an 
amplifier or other network. Development or adjust- 
ment of a circuit may then proceed with the entire 
performance curve in view, so that i is unnecessary to 
follow an adjustment at some audio frequency of par- 
ticular interest and return to the original frequency 
for observation, at that point, of the effect of a circuit 
change. 

In addition, many communication circuits require. 
that a bridge or inductive balance be maintained over 
a band of frequencies. Such balances are obtained 
faster when the effect of each circuit change on the 
entire frequency band can be made apparent rather 
than the single effect at a particular frequency. When 
the audio band is swept less frequently, say once every 
few seconds, speaker performance may be observed 
without the inconvenience of “cranking” the frequency 
dial. Transmission problems may be observed, for 
initial adjustment, at least, directly on an output 
meter of normal period. 





Conrtary Clongh Bresse Cu 


Fig. 15-46—Block diagram of a beat-frequency type audio 
generator. 


The block diagram in Fig. 15-46 will aid in under- 
standing the fundamental functioning of the equip- 
ment. Sections a, b, c, and d are the usual stages of the 
beat-frequency generator in which a fixed r-f oscilla- 
tor a beats with a variable-frequency generator b and 
feeds into a mixer c having an audio output that is 
amplified and controlled at d for application to the cir- 
cuit under test. 

‘The frequency at b is controlled by a variable ca- 
pacitor attached to the frequency-controlling dial. 
‘Varying it between 250 ke and 235 ke produces a band 
of audio frequencies extending from zero to 15 kc. 
‘To produce automatic operation, this variable capaci- 


tor is replaced by a reactance tube circuit in stage f. 
‘The reactance tube, in combination with the variable- 
frequency oscillator, causes the frequency to vary 
linearly with an applied voltage. With the reactance 
tube so arranged, it remains only to vary the grid bias 
of the reactance tube at the desired repetition rate by 
means of the sawtooth oscillator g. The audio output 
then starts at a low frequency, rises through the audio 
band to 15 ke and snaps back to the starting frequency 
to repeat. 

When the repetition occurs at a visual persistence 
rate and the sawtooth wave which is producing the 
frequency change is fed to the horizontal-deflection 
plates of an oscilloscope, while the frequency-sweeping 
signal voltage is fed to the vertical-deflection plates, 
through the network under test, the frequency charac- 
teristic is directly displayed. If any significant change 
is made in the electrical values of the tested network, 
the corresponding change in output at all affected fre- 
quencies is seen at a glance, 


Typical Applications and Circuit Characteristics 


Fig. 15-47A shows the basic output trace, (The 
curved sides of the figure are due to “barrel distor- 
tion” in photographing the image on the screen. The 
actual trace is nearly a perfect rectangle in outline.) At 
(B), the waveform at 50 Mc is shown, for the case. 
of inserted parallel-7 null networks using resistance 
and capacitance. At (C) and (D). the response for 
null points at 1,500 and 15,000 eps, respectively, is 
shown. 

Fig. 15-48 shows the output of a simple equalizer, 
with the load resistance high enough to be negligible. 
(A) applies to a series-capacitor shunt-resistor (that 
is, low-pass) network, in which RoC = 1 at 50 cps; 
(B) is the inverse, a high-pass equalizer, with shunt 
capacitance and series resistance, such that RoC = 1 
at 15,000 cps. Note that in each case, the amplitude at 
the frequency mentioned is 07 (= V2) times the 
maximum amplitude. 

Fig. 15-49 shows the results of balance tests on 
push-pull transformers. (A) shows a well-balanced 
transformer ; the vertical bar isa calibration line whose 
amplitude is equivalent to one per cent unbalance. 
(В) shows serious unbalance at the higher frequen- 
cies, caused by stray capacitance. 

Fig. 15-50 illustrates the characteristics of carrier 
phone filters. At (A) is shown a 3-ke low-pass filter 
(defective in the attenuating band) and at (B) a 4-ke 
high-pass filter. At (C) and (D) respectively, are. 
shown 4- to 7-kc and 7.5- to 10.5-ke band-pass filter 
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Coertry Clongh Brewgl Co 
Fig. 1548.— Outputs of simple equalizers, with the load re- 
sistance high o have a negligible effet: (A) low-pass; 





Crertcy Clongh Bresgie Co 
Fig. 1547.— (A) Basic audio output wavelorm of the beat- 
VO Ferrer; (B) response at 8) Me; (C) at 15 ke; 
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patterns, In Fig. 15-51 are the patterns for a speaker. 
dividing network with 400-cps cross-over. (A) shows 
‘the output to the low-frequency speaker. (B), (C), 
(D), and (E) show the output, at various attenuations, 
to the high-frequency speaker. 


3K BK 10K 15K 
Conrtery Clough Brena Co 


ка: Жагы ески as 
ER 
the high-frequency speaker. 
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SQUARE-WAVE TESTING 


Sine-wave and sweep-sine-wave tests, while useful, 
are limited in value and convenience; the use of a 
square wave, instead of sine, has become very wide- 
spread because of its advantages. In preparation бога 
study of square-wave testing, we may briefly consider 
some aspects of phase measurements. Information on 
phase measurements has been given earlier in the book. 
However, the circuit for checking phase shift by means 
of Lissajous figures is shown in Fig. 15-52. Various 
patterns that may be obtained are shown in Figs. 
15-53A through 15-53G, The two voltages in ques- 
tion, fed to the vertical and horizontal plates of the 
oscilloscope so that the deflection amplitudes are equal, 
produce characteristic patterns which indicate the rela- 
tive phase. 


гъ 
A 





em‏ ا 
Square-wave testing takes into account, in one test,‏ 
the three factors previously discussed, amplitude,‏ 
phase, and frequency.‏ 
Square-wave testing offers many advantages to the‏ 
technician. Its relative simplicity and speed make it‏ 





admirably suitable to quick tests of audio amplifier 
systems, 


Basic Test Setup 

The fundamental test setup is shown in Fig. 15-54. 
In this example, the amplifier load impedance is 500 
ohms, a usual value; in any case, the proper value 
should be used. The oscilloscope is connected across 
Z to indicate the waveform oí the voltage E across 
the load impedance. 

In testing, feed a square-wave signal of constant 
voltage into the amplifier input circuit ; the oscilloscope 
may be connected across the signal source to check 
the input, and then moved stage by stage from the 
input to the output of the amplifier, checking the effect 
of each stage on the waveform of the signal. If desired, 
the over-all effect may be noted by leaving the oscillo- 
scope connected to the output and making various 
changes or repairs on the individual stages. 

The input voltage should be high enough to permit 
operation of the amplifier, but low enough to avoid 
overloading of the input stage. 

The fundamental frequency of the square wave 
should be lower or at most equal to the lower-frequency 
limit of the amplifier, when testing the low-frequency 
range. A 60-cps fundamental may be used to check 
the 60- to 6,000-cps range. For the middle and higher 
frequencies, a 2,000-cps fundamental may be used to 
check from 2,000 to approximately 20,000 eps. 

The effect of a change in the tone-control setting of 
an amplifier is very marked when using the square- 
wave test signal. Later, various patterns will be shown 
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15-54. Basic. for 
т. и teat setup for checking square-wave re- 


obtained for relatively low fidelity audio systems used 
in radio receivers and public-address amplifiers. The 
departure from a square wave indicates the distortion. 
introduced. A comparatively good amplifier may not 
reproduce the square wave due to practical commercial 
considerations which influence the engineering design. 


Advantages of Square-Wave Testing 

‘The advantages of square-wave testing are impor- 
tant; the method has become commonly used for sev- 
eral important reasons. It is faster ; a complete test is 
made by measuring at only two frequencies. It is more 
‘sensitive to small variations in characteristics; two 
amplifiers whose sine-wave frequency response is al- 
most identical may have very different square-wave 
responses, It tells a more complete story ; when hum, 
motorboating, or parasitic oscillations occur they may 
be rapidly identified and their cause sometimes indi- 
cated, The effect of any circuit changes, such as the 
operation of tone controls, or the adjustment of com- 
pensating networks, can be observed instantly without 
Theory 

The behavior of an amplifier may be determined by 
observing its response to a so-called unit function or 
abruptly steep wavefront, Fig. 15-55A. This visualiza- 
tion is made possible by the cathode-ray oscilloscope. 
‘The waveforms in the audio range may be quite com- 
plicated; hence it is desirable to use a standardized 
form of repetition, to get a steady picture that can be 
checked visually. The square wave is ideal for this 
purpose. 

‘Any square-wave voltage is simply a succession of 
positive and negative voltage steps following each 


other at equal intervals as shown in Fig. 15-55B. If 
‘enough time is allowed between steps so that the effect 
of one step on the output voltage has died away before 
the next step occurs, the output-voltage change follow- 
ing each step will be independent of the previous steps, 
and identical to them ; this is the reason for requiring a 
low fundamental frequency for the square wave. 


(A) - 


(в) 
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Fig. 13$. (A). Unit or step fonction consisting of a nad- 
deni applied voltage: (B) pracical square wave of suitable 
frequency for test purposes. 


The transient characteristic of a circuit is defined as 
the output which results from a suddenly applied volt- 
age which thereafter remains constant. Knowing this 
characteristic, the response of a circuit to any type of 
input voltage can be readily determined. The transient 
characteristic may be considered to be limited by the 
high-frequency and the low-frequency transmission of 
the circuit. The high-frequency transmission will de- 
termine the shape of the transient during the interval 
immediately following the application of the input volt- 
age, while the low-frequency transmission will deter- 
mine the value of the output voltage after a longer time 
has elapsed. Obviously an amplifier which transmits 
down to and including zero cycles (that is, direct cur- 
rent) will eventually reach some steady value of output 
voltage if the suddenly applied input is not removed, 
while an amplifier which does not transmit direct cur- 
rent must eventually return to zero output even if the 
input voltage remains connected. 





Wave Analysis 

‘Typical patterns are shown in Fig. 15-56. In general, 
the time required for the wave to reach its maximum 
‘value is dependent upon the frequency range, a rapid 
rise indicating that high frequencies are attenuated 
only slightly. The circuit damping is indicated by the 
shape at the top of the rise; highly damped circuit will 
result ín a wave which approaches its final maximum 


ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


“65h 


cn 





‘mitted frequencies is indicated by a rounding. 
BS corners of the wave; frequency attenuation : 
), (F), (G), y, CH indiens the praene lini 
attenuat low-frequency boost : 
а аа утынны 





without any overshoot while under damping will pro- 
ducea train of oscillations after the initial rise. The nat- 
ural frequency of the circuit may be determined ap- 
proximately by multiplying the frequency of the input 
signal by the number of maxima which occur in one 
cycle. Excess delay (relative phase shift) at the higher 
frequencies is indicated by a rounding of two diago- 
nally opposite corners of the wave as shown in Fig. 
15-56B. A circuit in which the delay is less than normal 
at high frequencies will result in changes at the other 
two corners, Uniform delay for all the transmitted fre- 
quencies is indicated by all four corners of the wave 
having the same shape, as at (C). Certain other char- 
acteristics of a circuit may be inferred from its response 
to square waves. An output waveform containing a 
train of oscillations (E, F, G, and H)) is always the re- 


sult of a circuit whose frequency and delay character- 
istics contain sharp changes. The amplitude and dura- 
tion of the wave train are measures of the sharpness of 
the high-frequency cutoff of the circuit, while the 
period of the oscillation gives a measure of the fre- 
‘quency at which the rapid change in the transmission 
characteristics occurs, It must be kept in mind that all 
these effects become more pronounced as the frequency 
of the square wave approaches the region of poor high- 
frequency transmission. 

If the repetition rate of the square wave is lowered 
until it falls within the region of poor low-frequency 
transmission, a slightly different type of interpretation 
is necessary. The high-frequency effects (rise time, 
‘overshoot, and rounding of corners) must be neglected 
if they are present to a noticeable degree, and only the 
average shape of the top of the wave is considered. 
However, most circuits possess a sufficiently wide band 
of constant transmission that the high-frequency effects. 
are of negligible size when a frequency low enough to 
show low-frequency deficiencies is used. The low- 
frequency effects most often found are those due to 
coupling capacitors, between the plate and the grid of 
consecutive stages, which cause the transient charac- 
teristic to decay exponentially after the initial rise. 
Typical waveforms obtained with this type of circuit 
and with a circuit having a rising low-frequency char- 
acteristic are shown in Figs. 15-611, J, and К. Noinfor- 
mation as to the circuit performance at frequencies. 
lower than the frequency of the square wave can be 
obtained. 

Output waves which are symmetrical with respect to 
time but whose positive and negative half-cycles are 
unsymmetrical indicate the presence of nonlinear dis- 
tortion in the circuit. This effect is usually not notice- 
able unless oscillations are present in the waveshape, 
Where the amplitude of the wave trains at top and 
bottom are unequal, some nonlinear distortion is indi- 
cated. Oscillations only on one side of the wave usually 
denote saturation or cutoff in the equipment under test. 


a a 
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Square-Wave Response of Simple Circuits 

Many of the circuits encountered in practice give 
very simple and easily recognized transient response 
curves, which can be used as a guide for other more 
‘complicated cases. 





Crertary Kewlet Packard Co 


Fig, 15-58.—A typical oscillogram of the voltage across the 
capacitor in the circuit shown. 


To give an idea of this simplicity, a single case is 
treated here, Fig. 15-57A shows the familiar exponen- 
tial rise of the capacitor voltage when a capacitor is 
charged through a resistor, as in (B) of the figure. A 
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15-59. Curves relating charging time and ratios of 
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When а square wave is applied to an amplifier, the 
output voltage rises to a steady value in a way that de- 
pends on the high-frequency response of the amplifier, 
‘and then falls slowly to zero in a way that depends on 
the low-frequency response. 

Several auch curves are shown in Fig. 15-60. If a 
square wave is applied to such a circuit, the voltage 
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Fig. 15.60—Transint curves and circuits. The 
garona shown correspond tothe crate deci Beneath 


wave across the capacitor will be as shown at the left 
in the figure, which is made up of a series of segments. 
The voltage across the resistor is the difference be- 
tween the applied voltage and capacitor voltage. This 
response is shown at the right in the figure. 

This same series of curves also applies to the case of 
inductive circuits where capacitance effects are negli- 
gible. A number of additional circuits are shown in 
Fig. 15-60 which shows other practical circuits with 
square-wave response of similar form, 





Coursey Hewlett Packard Co, 
Fig. 15-61.—Renilt of a square-wave test on a normal amplifier. 


In the case of the simple circuits mentioned, it is 
relatively easy to derive the over-all amplitude-fre- 
quency characteristic from the transient response (the 
converse is not true). In such cases, it would seem 
quite clear that a knowledge of the transient response 
is more valuable than a knowledge of the amplitude 
characteristic, because the latter does not necessarily 
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imply а knowledge of the phase response. In very poor 
narrow-band amplifiers, it is more difficult to apply 
square-wave methods because it is difficult to separate 
the low-frequency cutoff effects from the high-fre- 
‘quency effects. This results in both ends of the char- 
acteristic being badly scrambled in a single square 
wave. In such cases, however, the amplitude response 
is itself difficult to evaluate in terms of fidelity. 

The result of a square-wave test on a normal ampli- 
fier is shown in Fig. 15-61. Using negative feedback, 
the pattern of Fig.15-62 was obtained experimentally, 
‘The results of additional tests are shown in Figs. 15-63 
and 15-64 in connection with the development of low- 
distortion recording amplifiers. 


‘Transiormer Tests 


The results of some transformer measurements are 
shown in Fig. 15-65. The frequency response curves 
correlate satisfactorily with the square-wave test pat- 
terns. 

At (A) in the figure, the frequency response curve 
shows a peak at 10,000 cps and also indicates that the 
low-frequency response curve drops off rather rapidly 
below 1,000 cps. These conditions are reflected in the 
square-wave resultant patterns at the left. Using a 
60-cps square wave, the rapid decay of the wave shows. 
that the low-frequency response is poor. Using a 
2,000-cps fundamental, the rapid rise indicates good 
high-frequency response and the undulations indicate 
a resonance effect. 

At (B), in the same figure, the pronounced high- 
frequency peak is absent and there is still appreciable 
attenuation of the low frequencies. At (C) the fre- 
quency response is flatter and the square-wave result- 
ants begin to look more like square waves. The change 
in waveform, with respect to the low frequencies, is 
evident more at 60 cps than at 2,000 eps. The slanting 
downward indicates a loss in low frequencies, The fre- 
quency response curve correlates with this information. 
At (D) an approach to а square-wave output is at- 
tained. The presence of a slight peak at the high end 
f the frequency response curve is indicated by a small 
ip in the beginning of the 2000-cps waveform. The 
slight droop or slant, viewing from left to right, shows 
a low-frequency loss, in viewing the 60-cps resultant. 

In Fig. 15-66, the waveform obtained using a 
5,000-cps square wave, with inverse feedback in the 
amplifier system, and no load on the output trans- 
former, is indicated at (A). At (B), using the 
5,000-cps square wave, with inverse feedback in the 
amplifier, and a light load on the transformer, the pat- . 
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Fig. 15-65,— Square-wave tests on transformers: (A) frequency response curve shows a peak at 10,000 cps and also indicates a 


rapid drop below 1,000 cps; (B) absence of p 





tern or waveform is seen to improve, indicating the 
necessity of some loading to obtain linearity and proper 
amplifier action. 
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Limitations oí the Square Wave Generator 


‘The output waveforms of the square-wave generator 
ail have a certain amount of departure from exactly 


frequency peak and evidence of a 
quencies; (C) fatter frequency response with some low-frequency attenuation; and (D) appr 





ible attenuation of low fre- 
to a square-wave output. 


square, or exactly rectangular. This departure is quite 
negligible in most cases, since the generator waveforms 
closely approach square waves. Any possibility of 
error in qualitative measurements can be eliminated 
by comparing the output of the equipment under test 
with the output of the square-wave generator. For 
quantitative measurements, the rise time of the gener- 
ated wave should be taken into account. 

All the output circuits in the square-wave generator 
are limited by the internal capacitance and by the 
capacitance of the external circuits to which they are 
connected. Because of this, the amplitude and phase of 
the higher harmonics will depart from proper values 
for a square wave. 


SQUARE-WAVE GENERATION 


A square-wave signal for test purposes may be ob- 
tained through the use of relatively simple equipment. 
A simple clipper will be found quite useful for this 
purpose; the circuit is shown in Fig. 15-67. A signal 








from a standard sine-wave generator is fed to the 
clipper input. A true square wave is not obtained, but 
an approach to it is obtained, The waveshape may be 
varied as indicated in the caption accompanying the 
figure. 


Three Tube Diode Clipper 

A more elaborate piece of equipment is shown in Fig. 
15-68, It has three tubes in the square-wave generator 
circuit, and one rectifier tube.” The instrument includes 
a triode preamplifier, diode signal rectifier, pentode 
clipper tube, and self-contained power supply: The pre- 
amplifier stage, comprising input capacitor C1, gain 
control R1, triode V1, and selector switch 51, serves 
to boost the sine-wave input signal. Maximum gain in 
Кае 


selector switch 51 is thrown to the right-hand position, 
a line-frequency sine-wave signal is picked off the tube. 
isa 
‘One side of the heater line is grounded and the high 
side is connected through the switch to the grid-coup- 
ling capacitor. When the selector switch is in phe left- 
hand position, the input circuit of the amplifier is con- 
nected to the terminals 71 and 72 to which an external 
‘oscillator is connected when square waves of some fre- 
quency other than that of the a-c line are required. 
V2 is a half-wave signal rectifier, a 6H6 tube with 
its elements connected in parallel. This stage is fed by 
the secondary voltage of TR, which should be approxi- 
mately 100 volts rms for best results, By means of gain 
control R1, this voltage may be adjusted precisely to 
the best value. D-c output voltage pulses will be devel- 
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oped across the load resistor R4 and applied directly 
to the grid of the 6SJ7 clipper tube УЗ each time the 
lower end of the transformer secondary swings posi- 
tive. 

The cathode of the 6SJ7 is connected directly to 
ground, and the tube is accordingly unbiased in the no- 
Signal state, The suppressor of this tube is likewise at 
ground potential, and the screen bypass capacitor CS 
is returned to the cathode by the shortest possible 
route. RS is the plate-load resistor for the clipper tube ; 
R6, the screen series dropping resistor. 

Square-wave output voltage is delivered through 
the coupling circuit comprising C6 (4&f) and R7 
(100,000 ohms). The latter, being variable, serves as 
an output gain control. Square-wave output voltage is 
available at terminals 73 and T4. 

While equipment of the kind described is satisfac- 
tory for radio servicing, more exact tests, such as those. 
required in engineering development, may be made 
with especially well-designed square-wave generators, 
such as will now be described. 








General Electric Square Wave Generator, 
Type YGL 


The General Electric YGL-1, is an excellent square- 
wave generator. Its circuit is shown in Fig. 15-69. 


 Multivibrator. 

The square wave is generated in a multivibrator cir- 
cuit using two 6J5 tubes. The circuit 
fed back to the input by capacitance coupling. The 6J5 
grids are maintained positive with respect to the cath- 
ode by means of a variable voltage divider connected 
across the regulated power supply. A fine adjustment 
of frequency is made by changing this positive poten- 
tial, 


The frequency of the oscillations is determined by 
the time taken for the negative grid potential to leak 
off the grid coupling capacitor, and the time required 
for the grid to assume a high enough potential for the 
tube to conduct, Hence, by varying the voltage applied 
to the grid, this discharge time can be varied, 
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Fig. 15-69.—Schematic diagram of GE Square- Wave Generator Model YGL-1. 
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‘The coarse adjustment of frequency is accomplished 
bby altering the time constant ог discharge time of the 
grid circuit by changing the value of the grid coupling 
capacitors, with the frequency-range switch. 

The frequency of oscillation can be locked in to an 
external frequency, by injecting a voltage of this fre- 
quency with the cathode circuit of V1, the first multi- 
vibrator tube. A potentiometer R3 permits adjustment 
of the synchronizing signal, which is applied through 
a resistance-capacitance circuit K1-C13. 

If the frequency of the multivibrator is a little lower 
than that of the synchronizing signal, this signal will 
drive the control grid above the cutoff point a little 
sooner and the multivibrator will increase its frequency 
to that of the synchronizing signal. Even without syn- 
chronization, the frequency stability is very good, and 
is satisfactory for many purposes. 





Clipper Circuit 


‘The multivibrator is followed by two clipper stages 
6AG7 tubes, which clip off the square wave, thus 
giving a flat-topped, steep-sided wave output, By tap- 
ping off along the plate resistance of the second 6AG7, 
it is possible to obtain various output voltages, the low- 
est tap being provided with a potentiometer which 
allows the output to be reduced almost to zero. The 
total plate-load resistance of this stage amounts to only 
1,500 ohms, since a low value is necessary to obtain the 
high-frequency response required for steep-sided, 
square-wave output. 

Since the positive side of the d-c voltage is grounded, 
no output coupling capacitor is used. However, the 
only d-c voltage that appears at the output terminals is 
the small drop in the plate-load resistance caused by 
the plate and screen current drawn by the GAG7 tube. 
If the negative side were grounded, an output coupling 
capacitor would be required to keep the d-c voltage 
from the output terminals, 


Characteristics and Applications 


The d-c voltage is supplied by a full-wave regulated 
rectifier. Because the power supply is regulated, fre- 
quency drift of the square-wave output is minimized. 
A representative figure for drift after warm-up is ap- 
proximately 0.1 per cent at 10,000 cps over a ten- 

: 





Output 

Up to 75 volts is available at the terminals, the in- 
strument having an output impedance of 1,500 ohms 
at full voltage. The output impedance is approximately 
20 ohms per volt, changing with the setting of the out- 
put control. 

In general, since the impedance of the output rises 
with an increase in output voltage, care should be taken 
to minimize capacitances loading the circuit. At 100 kc, 
with a loading of 50 wf, good square waves will be 
produced at 5 to 10 volts output, but at 75 volts, the 
corners of the waves tend to become rounded, 

A suitable coupling capacitor should always be used 
between the load and the output of the square-wave 
generator when the load impedance is less than 50,000 
ohms, If the load is less than fifteen times the imped- 
ance of the attenuator tap being used, there will be a 
reduction of about 10 per cent in the peak value of the 
output voltage, but there will be no appreciable distor- 
tion of the rectangular wave. A load impedance as low 
as 50 ohms with a suitable coupling capacitor will also 
‘cause a reduction in output voltage, but no distortion 
of waveform, 

Since rectangular-wave testing presupposes ade- 
quate oscilloscopic equipment, it is recommended that 
the input waveshape at the equipment being tested be 
compared to the output of the generator alone before 
proceeding with the test work under consideration, 


Pulse Width and Shape 


The output waveshape of the YGL-1 square-wave 
generator is a steep-sided rectangular wave with a 
leading edge rise time of approximately 0.3 micro- 
second, and a negative pulse width of 25 per cent of 
the length of 1 cps. Therefore, at any one fundamental 
frequency, the wave will consist of a positive pulse of 
75 per cent and a negative pulse of 25 per cent of 1 cps. 
The relationship of 75 per cent positive and 25 per cent 
negative results in a wave of high harmonic content — 
a feature highly desirable in a sqüare-wave generator. 
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Fig. 15-71 —Circuit diagram of public-address amplifier. 


LABORATORY TESTS USING SQUARE WAVES 


To check theory of testing by square waves in prac- 
tice, the following patterns were developed and photo- 
graphed in the John Е. Rider Laboratories. 

A block diagram of the experimental setup is shown. 
in Fig. 15-70. The amplifier was a standard low-power 
public-address type having a manufacturer's power 
output rating of 14 watts; Fig. 15-71 is the schematic 
of this amplifier. 

‘The input signal voltage was limited to 0.2 volt 
peak to peak, to prevent overloading the microphone 
input stage. The amplifier was terminated in its rec- 
‘ommended 500-ohm resistive load impedance. 

The shape of the square-wave input-voltage wave- 

„form, as seen with the oscilloscope connected across 
the input of the audio amplifier, is indicated in Fig. 
15-72, The fundamental square-wave frequency for 
this series of tests was chosen to be 2,000 cps. Accord- 
ingly, the response of the amplifier was checked from 
2,000 cps upward to the high-frequency limit of the 
amplifier. 








With the microphone gain control on the amplifier 
set for maximum gain, and the tone control adjusted 
at Bass, the pattern shown in Fig. 15-73 was obtained. 
The high-frequency response is seen to be extremely 
poor. This is the voltage waveform across the output 
load impedance, Z,. 


Fig. 15-73.— Waveform 
of voltage across load im- 
pedance Z, Mike gain set 
at maximum and tone con- 
trol at maximum bass poni- 
tion (2000-cps fandamen- 
tal). 


Leaving the microphone gain control at maximum 
and moving the tone control to Normal, the pattern of 
Fig. 15-74 was obtained. The high-frequency response 
is seen to be good. The slight downward slant of the 
top portion of each trace and the rounded right corner 
are indicative of some phase distortion and low-fre- 
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Fig. 15-75.—Waveform of outpot voltage across Z for treble 
position of tone control and one 6Ló output tube removed; all 
other adjustments unchanged. Pattern shows slight high-Íre- 
‘quency lots, boost in lows and some oscillation or underdamp- 
ing at the very low frequencies (2,000-cps fundamental), 


Changing the tone-control setting to Treble, and 
removing one LS, the pattern of Fig. 15-75 was ob- 
tained. This shows a slight low-frequency boost, some 
high-frequency loss, and slight oscillation or under- 
damping at very low frequencies. 


Fig. 15-26—Voltage. 
output of amplifier, 
across Zz, for maxi- 
mum bass tone control 
setting and one 6L6 re- 
moved from output 
sage. 
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Re-installing the 6L6, the “treble” pattern is essen- 
tially the same as the Normal tone-control pattern, be- 
cause the 2,000-cps square wave does not check per- 
formance at lower frequencies, With the tone control 
set at Bass, to its full extent, and one 6L6 removed, 
the pattern of Fig. 15-76 was obtained. 
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f. 15-77 Waveform 
£ voltage at 7F7 ed with 
rfn control at maxi- 
“tnd tone control 

position. 
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. 18-77, the waveform of voltage at the 7F7 
grid is shown. The microphone gain was at maximum 
and the tone control at Bass for this pattern. (The tone 
control, in spite of-its position in the circuit, actually 
does have an effect upon the 7F7 grid circuit.) The 
voltage waveform at the 7F7 plate is shown in Fig. 
15-78. The other conditions are the same as those for 


Fig. 15-77, 











of vdiage м 
at 
lie gla control t maxi 
mom and bass setting of 
tone control, Frequency 
Ed pine caderet 
tte shows to be definitely 
Affected by the tone con- 
trol setting, 


Continuing the use of the 2,000-cps fundamental 
frequency, the waveform of Fig. 15-79 is obtained at 
the 7N7 grid. This wave has sharper peaks than the 
previous one. Fig. 15-80 shows the voltage wave at the 
6L6 grid with the tone control at Boss setting. The 
waveform is unchanged from that at the 7N7 grid. 
There is delay at the high and low frequencies, low- 
frequency attenuation, and phase i 





Fig. 15:80. — Vol 
wave at 6Ló grid, 

gain control at maxi- 
mum and tone control in 
bass position (2,000-cps 
Ша бойы 
tal 


The waveform of the signal voltage at the 6L6 grid 
with the tone control in the Treble position is indicated 
in Fig. 15-81. The distortion is evidently greatly re- 
duced with the tone control adjusted to this setting. 


Fig. 15-81 — Waveform of 
үймө и бе GL grid with 
sted to 





Retaining a Normal tone-control setting, the signal 
potential at the 61.6 plate is shown by Fig. 15-82. The 
thickening of the flat-top portion ofthe trace indicates 
the presence of some rectified hum voltage superim- 
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Fig, 15-83. — Volt 
at GS pate with bass 
GF tone control 


Resch disseny re 
spone is indicated; aso, 
рі and delay distor- 
tion at low frequencies 
re evident 





Poor high-frequency response, phase delay, and dis- 
tortion at low frequency are indicated in Fig. 15-83. 


Tone control was set for maximum Bass response. 


Fig. 15-84. — Waveform 
of voltage across Z,, ampli- 
fier output impedance, with 
‘output filter capacitor of am- 

iier open-circuited (2000. 

fundamental square- 
wave frequency). 


^ Disconnecting the output filter capacitor, the wave- 
form of Fig. 15-84 is obtained across Zz, the amplifier 
‘output load impedance. The low-frequency peak at the 
right of the top trace is due to a pronounced hum volt- 
age (low-frequency) output which, in the trace, com- 
pensates for the reduction of amplifier gain at low 
frequencies; this is a result of the deficiency in the 
filter. The thickened trace is further indication of 
superimposed hum and is noticed on both halves of the 
cycle since the 6L6 stage is push-pull. 
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Fig. 15-85 shows the waveform of the amplifier out- 
put voltage across Zz, the load impedance, when a 
2,000-cps square wave is fed into the amplifier output 
circuit and the cathode circuit resistance of the 6L6 
push-pull stage is increased to twice the normal value. 
‘There is evidently an increase in the hum output volt- 
age and a better approach to linearity and a square- 
wave output. 

Fig 15.86-—Patter ot 
ampfitier output voltage 


n voltage ampli 
fer stage short-circuited, 
mike gaia at maximum 
And tong control set to 
orm." 













Fig. 15-86 shows the voltage across Zz, the ampli- 
fier output impedance, with a short circuit across the 
7B4 plate to 7F7 grid-circuit capacitor, tone control at 
Normal and microphone gain control at full gain. 


157. — 2000-e 

wave input to am- 
ier result in is wave. 
form with tone control set 
to bass positon for maxi 


mum attenuation of high- 





Allowing the short circuit to remain across the 
capacitor and setting the tone control at Bass, the pat- 
tern in Fig. 15-87 was obtained. The distortion is evi- 
dently much greater. This would be expected in view 
of the much greater high-frequency attenuation, 


Square wave fed to ampli 
input circuit, mike gain at 
half maximum and tone con- 
trol set at bass position, 
square wave. 





The response in Fig. 15-88 was obtained by feeding 
a 2(X0-cps square wave to the amplifier input and 
picking up the sound output with a crystal microphone. 
‘The experimental arrangement used to obtain this 
curve is indicated in Fig. 15-89. 





CRYSTAL 


SQUARE MICROPHONE 





Fig. 15-89—Setup for checking acoustic output of sound 
system. 


Using a 400-cps square wave with the amplifier tone 
control on Bass, the output of the crystal microphone 
had the waveform shown in Fig. 15-90. The waveform 
is evidently quite distorted and the transient response 
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Fig. 15-90—Waveform 
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reflex cabinet. The tone 


control is set at “bass” 
position. 


of the system is not very good. With the tone control 
set to Normal, the response is even worse, as shown їп 
Fig. 15-91. There is no evidence of square-wave re- 
production at all 


Fig. 151. — Wave- 
form of crystal mike out 
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ing 400-cps fundamental 

Fen cr 
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The voltage output of the crystal microphone has the 


waveforms shown in 5-92 and 15-93 for square 
waves of 800 and 1,00 cps, respectively. The distor- 









Fig. 15-92. — Crystal 
mike output when ampli- 
fer tone control is set for 

"response and 
fundamental 





tion is evidently less, as the frequency increases, since 
the transient characteristics of the loudspeaker system 
appeared to be better at the high than at the low fre- 
quencies. 


TRA crie d 
E tephra 
Poe een 
Tone control o amplifier set to 
"normal" position. 


The setting of the microphone gain control on the 
amplifier, its torfe control, and the frequency of the 
square-wave fundamental all affect the pattern. With 
the gain control set at 50 per cent of full rotation, the 
following responses were obtained: for 40 cps, Figs. 
15-94, 15-95, and 15-96; for 80 cps, Figs. 15-97, 15-98, 
and 15-99; for 100 cps, Figs. 15-100 through 15-104. 


Fig. 1534. Tone control of umlifer 
AN aet nE “bam,” fundamental square weve 


frequency, 40 cpa. 





Fig. 15-96.—Tone control at “treble,” 
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Fig. 15-99—Tone control at “bass” 
Bo-cps test frequency, 
Fig. 15-100 —Tone control at “treble” 2, f 


(50 рег cent full-gain volume control 
setting) ; 100-cps test frequency. 


Fig. 15-101 —Tone control at “normal” ($0 
‘cent full-gain volume control setting) ; 


$ " Tice test frequency. 





(6.15104 — Tere conte at tlie f 
ЖЫР йө и ыш. 


TESTING AUDIO-FREQUENCY CIRCUITS 555 


DYNAMIC MEASUREMENTS ON 
PEAK-LIMITING AMPLIFIERS - 


Up to this point, the great value of square waves for 
amplifier study has been emphasized. There are other 
methods, however, which are useful, one of which is 
about to be discussed in the determination of the 
dynamic characteristics of peak-limiting amplifiers.* 
Peak-limiting amplifiers are used extensively in radio 
broadcasting to limit overmodulation. Using appropri- 
ate equipment, the performance characteristics of such 
amplifiers may efficiently be evaluated. 

The basic technique of the dynamic measurements to 
be described consists of suddenly applying a sustained 
signal of high peak amplitude to the input terminals of 
the peak-limiting amplifier and analyzing the resulting 
voltage at the output terminals, from the instant the 
peak signal is applied until the output voltage reaches 
a steady-state condition. 


Technique. 

The following dynamic-measurement technique is 

employed. With reference to Fig. 15-105, the technique 
consists of : 
(1) The application of a sinusoidal signal voltage ¢ of 
a predetermined frequency f to the input terminals of 
the peak-limiting amplifier, the amplitude a of the sig- 
nal voltage being of such value that the peak-limiting 
amplifier is on the threshold of gain-reducing action. 





(FREQUENCY OF есе. 
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@ The effectively instantaneous increase of the am- 
Plitude of the input signal voltage to a greater prede- 
termined value b at a time phase when e is crossing 
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the axis of zero amplitude (point » of Fig. 15-105) in 
either the positive or negative direction, as desired. 
(3) The maintenance of amplitude b of the input sig- 
nal for a predetermined time interval f; and, at the end 
of that interval, the restoration of the input signal level 
to amplitude a for a predetermined time t. 

(4) The connection of a cathode-ray oscilloscope to 
the output terminals of the peak-limiting amplifier, and 
the initiation and synchronization of a linear-time-base 
sweep voltage in the oscilloscope, so as to display visu- 
ally on the cathode-ray tube a predetermined number 
of cycles of the output signal voltage immediately be- 
fore and after the application of signal amplitude b to 
the input of the amplifier. 

(5) At the end of time fs, the repetitive re-application 
for times t, of the increased amplitude b to the input 
of the peak-limiting amplifier. Time fy may or may not 
bear a fixed periodic relationship to t. It is required 
only that time (f, + ta) be an integral multiple of 1/f, 
and that the sweep voltage of the oscilloscope be so 
initiated and synchronized that successive traces of the 
electron beam across the cathode-ray-tube screen are 
exactly superimposed on one another to produce a sta- 
tionary visual pattern of the output signal voltage for 
the predetermined number of cycles before and after 
the application of the increased amplitude b to the input 
of the peak-limiting amplifier. 

(6) The graphical analysis of the amplitude and wave- 
form of the pattern, and comparison of this pattern 
with applied input voltage to the peak-limiting am- 
plifer. 

In a study of peak-limiting-amplifier performance, 
the time ty of Fig. 15-108 is an arbitrary value suffi- 
ciently long to allow complete gain reduction of the 
amplifier to take place. For these specific measure- 
ments, the time f, was chosen to be approximately 10 
milliseconds. It was subsequently found, however, that 
few if any of the current commercial peak-limiting 
amplifiers examined reach a stable output amplitude 
within the 0.01-second observation period, under all 
conditions of operation. 

It is usually required in such an investigation that 
the time fy of Fig. 15-105 be of at least 1 to 3 seconds 
duration, since the recovery time of most peak-limiting 
amplifiers is of this order of magnitude. Therefore, the 
cathode-ray tube used for viewing the transient phe- 
nomena should have a long-persistence type of screen 
phosphor, so that a visual impression of the transient 
trace will remain continuously on the screen between 
cycles of the recurrent transient phenomena. 
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‘The phenomena which occur for the first several 
cycles immediately after the establishment of ampli- 
tude b are usually of the greatest interest. By the use 
of the above-described measurement technique, the 
gain-reducing action of the amplifier can be observed 
cycle by cycle of the applied sine-wave signal, and the 
attack time is measured by counting the number of 
cycles of a given frequency to the point where no fur- 
ther change of amplitude takes place. Accompanying 
undesirable effects, such as thump and waveform dis- 
tortion, are also shown in as great detail as desired 
merely by changing the sweep speed of the oscilloscope. 

‘An important requirement of this method of tran- 
sient analysis is that the change from amplitude a to 
amplitude b of Fig. 15-105 be made at a time when the. 
applied sine-wave signal is crossing the axis of zero 
amplitude. If the amplitude change were to be made 
at any other part of the cycle, an irregular wavefront 
would be developed, rendering the transient analysis 
more difficult of interpretation. 


‘Measuring Equipment 


A block diagram of the required measuring equip- 
ment is shown in Fig. 15-106. A signal generator 4, 
which may be a standard commercial type of audio os- 
cillator, delivers a sinusoidal voltage of predetermined 
frequency to an electronic switch and synchronizer unit 
B. The electronic switch and synchronizer unit consists 
of a combination of electronic circuits which provide 
the signal-amplitude changes, phasing, and synchro- 
nizing functions required for the visual presentation of 
the transient phenomena on the cathode-ray oscillo- 
scope C. The electronic switch and synchronizer unit 
supplies the input terminals of the peak-limiting ampli- 
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fier under measurement (block D of Fig. 15-106), with 
voltage of the waveforms shown in Fig. 15-108. It also 
supplies a synchronized triggering voltage to thelinear- 
sweep-control circuits of the cathode-ray oscilloscope 
C. The oscilloscope may be a standard commercial unit, 
providing it is designed for a single-sweep, externally 
triggered operation. The transient waveforms dis- 
played on the screen by this method lend themselves 
readily to photographing. The photographs, which 
form the basis of discussion, were selected from a con- 
siderable number taken of peak-limiting-amplifier per- 
formance under various operating conditions. 


Observed Dynamic Periormance of 
(Commercial Peak-Limiting Amplifiers 

The equipment described in the preceding section 
permits analysis of peak-limiting-amplifier perform- 
ance at any frequency between 100 and 15,000 cps, and 
at any desired ratio of peak signal level to threshold 
signal level (ratio of amplitude b of Fig. 15-105 to 
amplitude a). For the sake of brevity, however, results. 
shown in this discussion have been confined to two fre- 
quencies, 1,000 and 10,000 cps, and a single peak-to- 
threshold signal-amplitude ratio of approximately 18 
db, The photographs, shown in Fig. 15-107, are the 
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transient signal waveforms which apply successively 
to the input terminals of each of five different peak- 
` limiting amplifiers, The application of these waveforms 
to the input terminals result in the output waveforms 
analyzed individually below for each of the amplifiers, 
Fig. 15-107A shows the 1,000-cps input waveform, 
while (B) shows the 10,000-cps waveform. These 
photographs are direct time exposures of the phenom- 
ena displayed on the cathode-ray-tube screen. For the 
purpose of analysis and discussion, reference axes and 
boundaries have been hand-drawn on many of the pho- 
tographic prints shown in Figs. 15-107 through 15-111. 

The measuring equipment is so adjusted that some 
2 to 5 cps immediately preceding the arrival of the 
transient peak signal are shown for purposes of com- 
parison with phenomena occurring after the arrival of 
the transient. As mentioned above, the high-amplitude 
transient signal (amplitude b of Fig. 15-107A and B 
persists for about 10 milliseconds, which is equivalent 
to 10 cps of the 1,000-cps signal, and 100 cps of the 
10,000-cps signal. The sweep speed of the oscilloscope 
is adjusted for good resolution of each individual cycle, 
which usually results in only the first few cycles, imme- 
diately after the onset of the peak, being displayed on 
the screen, This is illustrated by Fig. 15-107A, where 
2eps before and 4 cps after the onset of the peak appear 
on the screen of the cathode-ray tube, Obviously, 
merely by changing the sweep speed of the oscilloscope, 
each cycle can be studied in as great detail as desired, 
or, if the sweep speed is made sufficiently slow, the 
action of the peak-limiting amplifier may be observed 
throughout the entire 10-millisecond period. In gen- 
eral, a relatively fast sweep speed is used when it is 
desired to study waveform distortion in detail, and a 
slower sweep speed is used when the peak envelope is 
of chief interest. The case of a relatively slow sweep 
speed is illustrated in Fig. 15-107B for the 10,000-cps 
signal, where the first twenty-odd cycles of high-am- 
plitude transient appear on the cathode-ray tube. In 
this latter case, any cycle-to-cycle peak-amplitude vari- 
ations would be clearly indicated. 

Considerable care was taken in the generation of the 
applied waveforms of Fig. 15-107 to insure that no d-c 
component of voltage was included in the high-ampli- 
tude signal after the points p. Close examination of 
these waveforms will reveal a slight dissymmetry of 
the positive and negative peak amplitudes due to sec- 
‘ond-harmonic distortion in the high-amplitude signal. 
This is not a desirable condition, but one imposed by 
signal-handling limitations in the electronic switch and 
synchronizer unit. Further development of the latter 











this distortion, but it was not considered of sufficient 
magnitude to affect substantially the results of the 
present analysis of peak-limiting-amplifier perform- 
ance. 

The response of several commercial peak-limiting 
amplifiers to the applied waveforms of Fig. 15-107 will 
now be analyzed. The sole purpose of these analyses 
is to describe dynamic phenomena which occur in typi- 
cal commercial peak-limiting amplifiers ; they are in- 
tended to be neither a recommendation nor a condem- 
nation of the subject amplifiers. 


Peak-Limiting Amplifier No. 1 


The first two cycles shown at the left of Fig. 15-108A 
represent an output level corresponding to the thresh- 
old of gain reduction, prior to the onset of the sinu- 
soidal signal peak. Study of the waveform beyond the 
point p reveals that the first half-cycle rises to an ampli- 
tude c approximately 12 db above the threshold ampli- 
tude, showing that gain-reducing action has been in- 
sufficiently fast to reduce the amplitude of the first 
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half-cycle of the 18-db, 1,000-cps peak by more than 
approximately 6 db. The amplitude d of the second 
halí-cycle is seen to be reduced further, but it is still 
some 9 db above the peak threshold level a. It is evi- 
dent from Fig. 15-108A that approximately two com- 
plete cycles of the 1,000-cps peak are required for 
effectively complete gain reduction. This can be inter- 
preted to mean that the attack time of this amplifier 
is 2 milliseconds (the period of 2 eps of a 1,000-cps 
frequency), as indicated by the time fy. It can be seen 
from the figure that there has taken place an axial shift 
of the output voltage during the process of gain reduc- 
tion, as indicated by the distance g between the axes of. 
the sine wave before and after gain reduction. This is 
the result of a d-c component of control voltage which 
has not been completely balanced out, and represents 
the “thump” component of this amplifier for the par- 
ticular peak signal applied. Note that, even though the 
sine-wave amplitude after gain reduction is apparently 
то greater than before the arrival of the peak, the axial 
shift due to thump results in all negative peaks shown 
on Fig. 15-108A exceeding the negative-peak thresh- 
old amplitude a by a value of approximately 4 db. 
Therefore, were amplitude a equivalent to 100 per cent 
modulation of an associated transmitter, substantial 
overmodulation would persist for a much longer period 
than the apparent attack time of 2 milliseconds. 

‘Since the signal path of no commercial peak-limiting 
amplifier can pass d.c. the time duration of the thump 
‘component indicated by g is a complicated function of 
the low-frequency response of the amplifier signal and 
control-voltage circuits, as well as the feedback-loop 
quin of the control-voltage circuit. Frequently, the 
amplitude of the thump component decreases in the 
form of a damped oscillation. This can be considered 
as an envelope modulation of the signal frequency, and 
an oscillation frequency of the order of 5 to 10 cps is 
‘common, Therefore, the 2- or 3-millisecond observa- 
tion period of Fig. 15-108A is too short to indicate any 
appreciable decrease in the magnitude of the thump 
amplitude g. 

A consideration of the above factors makes it evident 
that a constant output amplitude may not be reached 
for an appreciable fraction of a second after the appli- 
cation of a sustained peak signal. The actual time re- 
quired for an essentially steady-state amplitude to be 
attained is thus a function of the original magnitude of. 
the thump component and the decay period of the indi- 
nent can very readily have a more disagreeable listen- 
ing and operational effect on the signal than the short- 
duration, high-amplitude bursts which pass through 


the amplifier due to an insufficiently short attack time. 
For instance, it is not uncommon for the modulator of 
an amplitude-modulated transmitter using inverse * 
feedback to have a sharply rising, subaudible, low- 
frequency response, the peak of which may coincide 
with the thump envelope frequency ; in which case the 
thump is aggravated, and the modulator may be com- 
pletely disabled for the duration of the thump, In an 
‘extreme case, there might be developed an oscillation. 
of sufficient amplitude to trip an overload circuit and 
remove the transmitter from the air. 

‘The magnitude of the thump component in any am- 
plifier varies with the amplitude of the peak which pro- 
duces gain reaction. Some peak-limiting amplifiers 
have а so-called thump control which is effective in 
balancing the thump for any single amplitude of peak 
signal, but since the gain-reducing circuits seldom 
exhibit the same degree of balance at any other degree 
of gain reduction, these thump controls merely permit 
a compromise adjustment which has the lowest aver- 
age thump content under normal program conditions. 

The thump amplitude g of Fig. 15-108A is by no 
means of unusual magnitude, as peak-limiting ampli- 
fiers go. In fact, it is probably not great enough to be 
detected solely by a listening test of the audio output of. 
the amplifier. Nor is it likely, either, that the high am- 
plitude bursts which are shown to occur for the first 
cycle or two can be detected by a simple listening test. 

So far, no detailed tests have been made to correlate 
the transient effects observed on the oscillograph with 
the subjective listening effects of the transient phenom- 
ena. Preliminary observations, however, indicate that 
if the amplitude of the thump component, shown by the 
above sine-wave tests, is as great as the threshold sig- 
nal amplitude (i.e., if amplitude g is as great as ampli- 
tude a), then a listening test with ordinary program 
material is very likely to disclose a disagreeable thump 
each time heavy gain-reducing action occurs, Perhaps 
even more significant than the amount of audible 
thump observed at the output terminals of the ampli- 
fier, however, is the possible ill effect the thump com- 
Ponent may have on subsequent audio equipment, such 
as the modulator described above. 

Fig. 15-108B shows the effects on amplifier No. 1 of 
‘2 peak signal having a frequency of 10,000 eps. Here 
the 2-millisecond attack time t, is perhaps more clearly 
illustrated than in the 1,000-cps case. It is seen that 
approximately 20 cps are required after the application 
of the peak for the output amplitude to approach the 
more or less constant value k. The first few cycles of 
the 10000-cpe peak pass through the ampliñer with 
little or no attenuation. 
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It is noted that the amplitude is about 6 db greater. 
than the amplitude a, a very undesirable condition 
probably indicating deficient high-frequency response 
in the control-voltage circuit. This is a deficiency which 
‘would also be indicated by steady-state measurements, 
A thump component g is also present in the 10,000-cps 
case. 


PeakLimiting Amplifier No. 2 

‘The photographs of Fig. 15-109 show that amplifier 
No. 2 has considerably less amplitude of overshoot 
than amplifier No, 1 during the period while gain re- 
duction is taking place. This particular amplifier is 
designed to produce peak-chopping action at an out- 
put amplitude approximately 3 db above the threshold 
amplitude. The peak-chopping action is independent 
of automatic gain reduction, and, hence, limits the 
maximum peak amplitude to about 3 db above the 
threshold value, regardless of how long it takes for 
‘complete gain reduction to be effected. Amplitude c of 
Fig. 15-109A and (B) corresponds to the peak-chop- 
ping level of this amplifier, and, were there no gain- 
reducing action, the output waveform after point p 
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would be flat-topped and of amplitude c. Note, in the 
1,000-cps case, Fig. 15-109A, that a substantial part 
of the first half-cycle remains at or near the peak-chop- 
ping level, before sufficient gain reduction has occurred 
to reduce the output amplitude below this value. Fig. 
15-109B shows that the output level remains near the 
peak-chopping value for about the first three cycles of 
2 10,000-cps peak. 

It may be noted from the figure that considerable 
waveform distortion is evident near the peaks of at 
least the first four complete cycles after the arrival of 
the 1,000-cps peak. This indicates that gain-reducing 
action is still going on, even though the peak amplitude 
reaches a relatively stable value d after the first cycle. 
If Fig. 15-109B were expanded by a faster sweep, con- 
siderable waveform distortion would also be observable 
over the first 30 or 40 cps after the arrival of the 
10,000-cps peak. From this figure it is seen that ap- 
proximately 6 eps are required for the output ampli- 
tude to reach its stable value d, which indicates that 
the attack time of amplifier No, 2 is approximately 0.6 
millisecond. In view of the fact that considerable wave- 
form distortion persists for a much longer period, how- 
ever, this factor should probably be taken into account, 
If the attack time of amplifier No. 2 is based upon the 
time required for the output waveform to become es- 
sentially sinusoidal, the value would be on the order of 
4 milliseconds, instead of 0.6 millisecond. 

Amplifier No. 2 appears to have a low thump com- 
ponent, as indicated by very little axial shift of the 
waveform before and after gain reduction, This par- 
ticular amplifier is provided with a thump control, and 
optimum adjustment of this control was made before 
the photographs were taken. However, as noted in the 
discussion of amplifier No. 1, the thump control in- 
sures a low thump component for only one particular 
amplitude of peak signal; for some lower or higher 
amplitude of peak signal, amplifier No. 2 might exhibit 
appreciable thumps. 


PeakLimiting Amplifier No. 3 

As evidenced in Fig. 15-110, this amplifier exhibit. 
a heavy thump component. The thump effect of ampli- 
fier No. 3 is great enough to be definitely audible on a 
listening test with ordinary program material. It is 
observable from part (A) of the figure that the initial 
thump (amplitude ¢) is almost twice the peak thresh- 
old amplitude a. Note that the zero-signal axis, after 
the application of the 1,000-cps peak, has a definite up- 
ward slope to it. This indicates that amplifier No. 3 
has a more rapid thump-decay period than was ex- 
hibited by amplifier No. 1. 
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Fig. 15-110A illustrates over-control, or excessive 
gain reduction. It can be observed that the fourth half- 
cycle has an amplitude (as also have the next several 
cycles thereafter) less than the threshold amplitude a. 
This is a direct result of too heavy a thump component, 
and the thump voltage is rectified along with the signal 
voltage, producing excessive control voltage in the 
guin-reducing circuit. 

At the end of the 10-millisecond peak, the output 
voltage of the amplifier is seen to be less than that im- 
mediately preceding the onset of the peak, the differ- 
ence between the two amplitudes being a measure of the 
gain reduction that has taken place in the amplifier. 

Due to the severe thump components of amplifier 
No. 3, it is difficult to specify its attack time definitely. 
For instance, aljhough Fig. 15-110A indicates that 
maximum gain reduction occurs about 2 milliseconds 
after the application of the peak, the negative peak am- 
plitude at that point is still more than 6 db greater than 
the threshold amplitude a, due to the magnitude of the 
‘thump. Nor has a stable output amplitude been reached 
within the 10-millisecond period of duration of the 
peak. 

Fig. 15-110B shows the 10,000-cps output when the 
waveform of Fig. 15-107B is applied to the input. This 





photograph differs slightly from the 10,000-cps photo- 
graphs of Figs. 15-107, 15-108, and 15-109 in that a 
slower sweep speed has been employed. In this photo- 
graph, the entire 10-millisecond period of duration of 
the peak is visible. So close are the individual cycles 
under this condition that the resulting picture is essen- 
tially an envelope of the output peak amplitudes, It is 
difficult to offer a rational explanation for the shape of. 
this 10,000-cps envelope, since it is such a complicated 
function of the transient characteristic of the amplifier 
circuits. 


CBS Experimental Amplifier 


In one or several ways, it has been observed that each 
of the peak-limiting amplifiers analyzed leaves consid- 
erable room for improvement. The Columbia Broad- 
casting System recently developed a unit which has 
outstanding dynamic-performance characteristics, 

The CBS amplifier has a maximum control range of 
14 db; therefore, the analyses of Fig. 15-111 differ 
from those covered in Figs. 15-107 through 15-110 in 
that the transient peak amplitude is 14 db above the 
threshold value rather than 18 db. The 14-db transient 
was simulated at each of two frequencies, 1,000 and 
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10,000 eps. Except for the 4-db difference in amplitude, 
the input waveforms were similar to those shown in 
Fig. 15-107 and the resulting output waveforms of the 
CBS amplifier are shown in Fig. 15-111. 

With reference to the 1,000-cps dynamic perform- 
ance shown in (A) of the figure, the first two cycles 
at the left of the photograph show the output voltage 
immediately before the arrival of the transient peak, 
while the next six cycles correspond to the output volt- 

age immediately after the arrival of the peak. Note 
that not even te Gat balleyie after the arrival of 
the peak shows any appreciable amplitude overshoot. 
Thus the attack time of the CBS amplifier under the 
above conditions is effectively zero, What may seem 
more surprising is the fact that there is little wave- 
form distortion of even the first quarter-cycle after 
the arrival of the 1,000-cps transient. 

‘This excellent performance is attributable to a 
unique circuit design wherein the automatic-gain-con- 
trol voltage is a function of the input signal voltage, 
rather than of the output signal voltage. The control- 
voltage generating section of the amplifier incorpo- 
rates large power-type amplifier and rectifier tubés in 
low-impedance circuit arrangements, resulting in ex- 
tremely fast development of the automatic control 
voltage. Another major factor contributing to the ex- 
ceptional performance shown in the figure is the use 
of a special time-delay network in the signal channel 
just ahead of the point where gain reduction takes 
place. This network acts to delay the signal by ap- 
proximately 80 microseconds, and the gain is already 


reduced by the required amount upon the arrival of 
the peak at the point where gain control is effected. 
A close examination of Fig. 15-111 will reveal that 
automatic gain reduction occurs near the point q in 
time, whereas the 14-db peak does not arrive until a 
later time at point p. 

The 10,000-cps performance shown by Fig. 15-111B 
again illustrates the extremely short effective attack 
time of the amplifier. Even at 10,000 cps, the 14-db 
peak which arrives at the point in time is effectively 
Prevented from exceeding the maximum steady-state 
value. The figure indicates excessive gain reduction 
(over-control) for the first cycle after the arrival of 
the peak. Over-control which exists for so short a time 
as that shown (approximately 100 microseconds, or 
one cycle of a 10,000-cps wave) cannot be perceived 
by a listening test, and is certainly preferable to un- 
der-control since it renders overmodulation of subse- 
quent equipment impossible, 

It can be observed from Fig. 15-111 that the 
“thump” component of the amplifier is of very small 
amplitude, an additional design feature of this unit. 

‘The amplifier described above was developed by E. 
E. Schroeder of the CBS-Chicago technical staff, 
under the direction of J. J. ‚ and bas been. 
used at station WBBM since 1945. Additional ampli- 
fiers, based upon this development, ate in service in 
other Columbia Broadcasting System stations and are 
also available commercially from a well-known manu- 
facturer, 


CHAPTER 16 
VISUAL ALIGNMENT OF AM, F-M, AND TELEVISION RECEIVERS 


Every receiver requires that its tuned circuits be 
correctly adjusted for optimum operation. Since it is 
always possible for a tuned circuit to be thrown off its 
proper resonance by a number of factors, either an in- 
ductive or a capacitive component is made variable, so 
that the proper resonant point can be maintained. The 
process by which the circuits are adjusted to the proper 
resonant state is called alignment. 

Alignment is one of the most important factors in the 
servicing of receivers, because the receiver will not 
function properly if it is incorrectly aligned. Knowl- 
edge of alignment of receivers dates back to the time 
of tuned r-f sets, However, as the years advanced, es- 
pecially with the coming of the superheterodyne re- 
ceiver, the alignment procedure became more involved 
and also more necessary. Today we actually have three 
different types of superheterodyne receivers to serv- 
ice, namely, a-m, f-m, and television. Because of these 
last two later types of receivers, alignment processes 
are not as simple as they used to be and are considered 
even more important than before. When the radio mar- 
ket consisted primarily of a-m receivers, alignment 
procedures usually involved the use of a signal gener- 
ator and some form of output indicating device, such 
as a simple output meter or VTVM. Correct align- 
ment was usually indicated by a maximum reading on 
the meter. Besides this meter method of alignment, the 
oscilloscope, in conjunction with a special type of sig- 
nal generator, was also used as the output device for 
visually aligning the receiver. At the beginning, this 
visual alignment method was not very popular with 
the serviceman primarily because of the expense in- 
volved in buying the necessary equipment. Today, 
because of the increasing production of f-m and tele- 
vision receivers, visual alignment is considered an es- 
sential part of servicing. The design of equipment 
needed for visual alignment has been greatly advanced 
and the cost of instruments very much reduced so that 
they are within the reach of most servicemen. In most 
instances, the visual alignment method is considered 
far superior to the meter method. 

Just as a casual comment, let it be known that visual 
curve-tracing devices, such as the oscilloscope, when 














used for alignment operation, have been in use for 
some time. While itis true that all of these commercial 
visual curve-tracing devices were not of the cathode- 
ray-tube variety, they were oscillographic. Incidentally, 
as far back as 1912, the oscilloscope was used with a 
motor-driven capacitor and a synchronized potentiom- 
eter-battery type of sweep for the tracing of resonance 
curves, Deflection coils were used in the sweep circuit 
instead of deflection plates. In the early 1930's, the. 
production lines of many receiver manufacturers used 
‘the string galvanometer type of oscillograph, modern- 
ized of course, for the alignment and testing of the 
various tuned circuits which were part of the receivers 
being produced. 


Basic Facts About Visual Alignment 


The alignment of a tuned circuit, the establishing of 
the correct resonant state, by visual observation is com- 
monly understood to be one of the most important 
servicing applications of the oscilloscope. Having read 
through this volume up to this point, you no doubt 
appreciate our statement when we say that observa- 
tion of the response of resonant circuits is but one more 
application of the cathode-ray instrument we are dis- 
cussing. It is true, however, that from the viewpoint 
of the servicing and manufacturing industries, it is an 
‘extremely important application. In fact, many service 
technicians have displayed infinitely more interest in 
‘uses for the purpose of tuned circuit alignment than 
in its myriad other applications. 

If we analyze the basic principles of the curve-trac- 
ing or visual-alignment processes employed in connec- 
tion with cathode-ray tubes, we find them very much 
like those which apply to other applications of the oscil- 
loscope. It is true that there are various ways of accom- 
plishing some of the actions which énable operation of 
the complete visual-aligning system, but the basis of 
the system has already been described, although it may 
not have appeared as such. 

If we remember that the image which appears upon 
the screen of the cathode-ray tube, irrespective of its 
shape, is the result of a deflection of the beam by means 


VISUAL ALIGNMENT OF A-M, F-M, AND TELEVISION RECEIVERS 563 
of a varying voltage applied to the deflection plates, we. 





you know, is also the basis for the normal operation of. 
the oscilloscope. 

There are, however, two additional considerations 
found in alignment systems which are not involved in 
the simple waveform observation operations with the 
oscilloscope. One of these is that instead of a fixed fre- 
quency voltage input to the device under test, as is the 
case when observing voltage waveforms, the frequency 
of the voltage input varies continuously over a pre- 
determined band. This frequency varying voltage, or 
frequency-modulated (f-m) signal, as it is often called, 
is necessary in order to visualize the resonant curve 
inasmuch as such curves cover certain bandwidths. 
This f-m wave is obtained today from special alignment 
generators called sweep generators. (See Chapter 
14.) After passing through the network under test, the 
‘signal is rectified and then applied to the vertical-de- 
flection terminals of the oscilloscope. 

The second consideration is that relating to the time- 
base signal that is to be applied to the horizontal-de- 
flection plates of the oscilloscope. We do know that 
when the oscilloscope is used for normal waveform 
observation, the waveshape of its time-base signal is 
linear (a sawtooth wave) and that the frequency of 
this signal is adjusted to a certain ratio with the fre- 
quency of the voltage being observed, so as to place a 
certain number of cycles upon the screen. For visual- 
alignment work, the situation is completely different, 
the shape of the time-base signal used by the oscillo- 
scope does not have to be linear but must bear a definite 
relationship to the modulating signal producing the 
f-m wave used in this process of alignment. 

Besides developing the response curve of the tuned 
circuit on the oscilloscope, the process of visual align- 
ment has advanced to the point where it is a simple 
matter to spot frequencies along the curve. The equip- 
ment used to produce this latter effect is commonly 
known as a marker generator. 

In Fig. 16-1 appear three block diagrams illustrating 
the basic setup for visual alignment. Part (A) shows 
the sweep generator and marker generator as parts of 
a single piece of equipment and their combined signals 
fed to the receiver under test. The proper signal out- 
put is then fed to the vertical terminals of the oscillo- 
scope. The horizontal-defection voltage (ie. the time- 
base signal) is normally obtained from the sweep gen- 
erator. This signal is the same as that which causes the 
frequency modulation inside the sweep generator (ie. 
the modulating signal). The second setup in part (B) 
merely illustrates the condition where the marker gen- 
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Fig. 16-1—Block diagrams illustrating the basic equipment 
‘and hookup methods for visual alignment. 


erator is a separate unit from the sweep generator. The 
remainder of the setup is the same as in part (A). 
Most modern sweep generators today come equipped 
with a phasing control which, by proper manipulation, 
makes the two deflection voltages of the oscilloscope in 
phase with each other so that only a single trace of the 
pattern appears on the screen. For those sweep gen- 
'erators that do not contain such a control, a simple 
phase shifter can be inserted between the horizontal 
terminals of the oscilloscope and the modulating signal 
output terminal of the oscilloscope, as in (С). 
Before we discuss the actual visual-alignment proc- 
esses of the various receivers, it is best that we under- 
stand a few things about the tuned circuits of the re- 
ceiver, the equipment used, the manner in which the 
pattern is formed, and the techniques involved in visual 
alignment. To start, we will first study some of the fun- 
damental details about resonance curves and of the 
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bandwidth and shape of the tuned circuits found in 
receivers. 


Resonance Curves 


When dealing with the visual alignment of tuned 
circuits, the picture seen on the screen of the oscillo- 
scope is the response of a single tuned circuit or some 
combination of tuned circuits. This picture is usually 
termed a resonance curve or response curve. In brief, 
‘a resonance curve is a graph of the relative amplitude 
(cither voltage or current) of the signal output from 
a tuned circuit or tuned system with respect to a num- 
ber of frequencies on either side of the resonant fre- 
quency. When viewed on the oscilloscope, the reso- 
nance curve seen is actually a voltage versus frequency 
characteristic because the oscilloscope is a voltage in- 
dicating device. 

Resonance curves of tuned circuits can be graphi- 
cally plotted, All that is required is a signal generator 
(unmodulated) capable of the necessary frequency 
range of the circuit, and a voltmeter. The basic setup 
is illustrated in part (A) of Fig. 16-2 where the box 


a (8) 


16-2—(A) Basic setup for point-by-point of 
the apna of tud re (8) Papen rv aed ty 
this method. 


indicates the tuned circuit or system whose response 
is to be plotted. The signal generator is placed across 
the input to the tuned circuit and the voltmeter placed 
‘across the output. The frequency of the signal gener- 
ator is varied step-by-step over the pass-band of the 
tuned circuit being tested and the output voltage from 
the circuit measared for each frequency setting of the 
generator. During this complete operation the input 
voltage to the tuned circuits must be kept constant dur- 
ing all frequency settings. By using known values of the 
frequency input as the abscissa or X-axis and the indi- 
cated values of the voltage output as the ordinate or 
Y-axis these points can be plotted and then all joined 
together by a single continuous line. Part (B) of Fig. 
16-2 illustrates such a plot where the resulting curve 
is the response of the tuned circuit. 


Such a resonance curve as shown in Fig. 16-2B can 
represent that of a single- or double-tuned parallel L-C 
circuit. For such a circuit, the resonant frequency re- 
sults when the output voltage is a maximum and occurs 
at the peak of the resonance curve. The curve is usually 
symmetrical about the line of resonant frequency. To 
‘obtain a resonance curve by this point-by-point method 
is quite tedious and time consuming and, therefore, 
impractical to use. By the use of a frequency-modulated 
signal generator (i.e. sweep generator) and an oscillo- 
scope, the actual resonance curve can be seen without 
recourse to plotting. Very little time is taken, for this 
visual procedure as compared to that taken for the 
point-to-point graphical plot system. 

If a tuned circuit or stage is to be aligned then its 
variable circuit component is normally adjusted for 
maximum response, or as indicated by the manufac- 
turer's specific instructions. In many types of equip- 
ment, it is possible to use a meter method to align cer- 
tain stages. In general, if the output meter indicates a 
maximum then the circuit is assumed to be tuned to 
resonance, that is, it is aligned. This method is all right 
as far as simple, single-peaked tuned circuits are con- 
cerned and has been used quite extensively in the past 
for a-m receiver alignment. However, with f-m and 
television receivers the tuned circuits have become 
more complicated to align and use of the meter method 
has its limitations. For instance, if the tuned stage in 
question is an overcoupled transformer, then the re- 
sponse of this circuit will be a resonance curve that is 
double-peaked. The actual resonant point of the circuit 
lies in the trough between the two peaks and a maxi- 
mum meter reading in this case would only indicate 
one of the peaks of the curve and not the true resonant 
point. Of course, the true resonant point can be found 
by this meter method ; it is the minimum meter read- 
ing that lies in between the two maximum meter read- 
ings. This method is time consuming, however, and not 
too accurate, especially if there is very little difference. 
between the voltage amplitude of the trough and the 
peaks. 2 
In the visual-alignment process, the curve appears 
on the screen of the oscilloscope and the tuned circuit. 
is adjusted to give the desired curve shape. Since align- 
ment today generally encompasses more than one 
tuned circuit or stage, the curve seen on the oscillo- 
scope usually represents а combination of individual 
resonance curves. Because of this latter fact, the over 
all resonance curve can be either symmetrical or asym- 
metrical. By a symmetrical resonance curve is meant 
one which shows the same amplitude response for fre- 
quencies which are higher and lower by equal amonitas 
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Fig. 16-3—Three typical symmetrical resonance curves. 


than the resonant frequency. Another definition of a 
symmetrical resonance curve is one in which each half 
of the curve about its resonance line is a mirror image 
of the other half. Asymmetrical curves, also often called 
nonsymmetrical curves, do not possess these charac- 
teristics, A slight deviation in the shape of a symmetri- 
cal curve may make the curve asymmetrical. 
Resonance curves may be of various shapes, yet be 
symmetrical. In other words, symmetrical resonance 
curves may be obtained with loosely coupled circuits, 
critically coupled circuits, and overcoupled circuits. 
Resonance curves may be single-peaked, double- 
peaked, or even triple-peaked in shape. Fig. 16-3 illus- 
trates three typical types of symmetrical resonance 
Curves encountered in alignment work. Each one of 
these three curves can be obtained by a single-tuned 
stage. That at (А) іза single-peaked sharply resonant 
curve which may result from a high O circuit, and that 
at (B) is also single-peaked but broadly resonant, 
which may result from a low Q circuit. Both types of 
curves are obtained from loosely coupled circuits. 
From the shape of these two curves, it is readily seen 
that curve (A) has a higher selectivity than curve (В). 
‘The response at (C) is a double-peaked curve and is 
usually produced by overcoupled circuits. Note how 
these three curves vary in shape but that each still 
possesses symmetry about its resonant frequency, indi- 
cated by point P in each drawing. Such curves can 
also be the over-all response of a number of tuned cir- 
cuits. If each tuned circuit in this latter instance has 
the same resonant frequency then P can still be said to 
represent the resonant frequency of the curves. 


Dp us 


Fig, }6-4—Each resonanoe curve illustrated here is asym- 


Three different asymmetrical resonance curves are 
shown in Fig. 16-4. Part (A) represents a single- 
peaked asymmetrical curve while parts (B) and (C) 
are double-peaked curves. These curves can also be the 
response of either a single-tuned circuit or a combina- 
tion of tuned circuits. If they are the result of a single- 
tuned circuit then the double-peaked curves must re- 
sult when the circuit is overcoupled. However, if the 
responses of curves (B) and (C) are the results of a 
‘combination of tuned circuits, the individual resonance 
curves of each tuned circuit may have a single peak 
(ie. be loosely coupled). Their respective shapes and 
resonant frequency points may be such that their com- 
bination results in the curves of parts (B) and (C). 

In certain cases, it is merely desired to broaden ће 
response of a single-tuned circuit or system ; the exact 
shape is secondary as long as the curve will accept fre- 
quencies within certain limits. In other cases, the shap- 
ing of the response curve is extremely important. This 
is so because proper operation of the receiver is based. 
upon this shaping. This is especially so in f-m and tele- 
vision receivers. The two response curves of Fig. 16-5 


ا 











Fig. 16-5— Tbe typical f-m detector curve (A) and the video 
ef curve of (B) indicate two important cases where the curves 
have to be of prescribed shapes. 


illustrate two of the most important cases of shaping. 
Part (A) of tnis drawing is the required response 
curve of the detector system of an f-m receiver or the 
f-m sound section of a television receiver. Besides hav- 
ing the proper bandwidth between points a and b on 
this curve the shape of the curve between these two 
points must be linear for proper detection of fm 
signals. 

Part (B) of Fig. 16-5 is a typical response curve of 
the over-all video i-f system of a television receiver. 
The individual video i- stage may be overcoupled or 
loosely coupled thereby having either double-peaked or 
single-peaked response curve. If they are single- 
peaked, the resonant frequency of each i-f stage is 
usually not the same, that is, they must be stagger- 
tuned. This is necessary in order to obtain the proper 
total bandwidth. Besides the video if transformers, 
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in those television receivers that employ video and i-f 
wave traps, these traps also have to be adjusted to help 
produce the desired pattern, In the shaping of the curve 
of Fig. 16-5B both the right and left sides of the curve 
warrant attention. The steepness of the slopes should 
be approximately as indicated in the drawing. Proper 
adjustment of the traps helps produce the desired 
slopes and also the shaping of the ends. 

Without previous knowledge of the resonant fre- 
‘quencies or the shape of the response curves of tuned 
circuits that are to be aligned, it is difficult to tell 
exactly what to look for. WE do not know if the re- 
quired resonance curves are to be symmetrical or asym- 
metrical. For the alignment of simple symmetrical 
single-peaked tuned circuits, the resonant frequency is 
usually all that is needed ; the knowledge that the cir- 
cuit will produce a symmetrical single-peak resonance 
Curve is sufficient. The same is true for symmetrical 
double-peaked curves. However, where the desired 
curve is asymmetrical, whether it be the response of an 
individual transformer-coupled circuit or a combina- 
tion of different tuned circuits, the desired shape of the 
‘curve must be known, 

Whatever the case may be, itis always best to know 
the shape of the resonance curve and resonant fre- 
quencies of the tuned circuits in order to facilitate 
visual alignment. Today most f-m and television re- 
ceiver manufacturers indicate, in the service notes 
accompanying their receivers, the shape of the reso- 
nance curves desired for proper visual alignment as 
well as the resonant frequencies of their tuned circuits. 
It is, therefore, always advisable to follow the manu- 
facturer's notations when aligning. 

So much for the general details concerning the shape 
of the resonance curves and their connection to the 
different receivers. Let us now study something about 
the bandwidths of tuned circuits. 


Bandwidths of Tuned Circulta 


Tuned circuits are frequency selective circuits in 
that they will pass certain frequencies and reject others, 
The various shapes of the resonant curves illustrated 
in Figs. 16-3, 16-4, and 16-5 readily indicate this fre- 
quency selectivity. All the tuned circuits that are con- 
sidered in the alignment of receivers are band-pass 
circuits. By this we mean they accept a certain band of 
frequencies and reject signals on either side of this 
band. This so-called acceptable band of frequencies is 
generally referred to as the bandwidth of the tuned cir- 
‘cuit. The bandwidth referred to here may encompass 
the frequency limits of a single-tuned circuit or a com- 


bination of tuned circuits. The bandwidth of a circuit 
or network is, therefore, a means of expressing the 
difference between its limiting frequencies. Thus if a 
tuned circuit or system is said to have a bandwidth of 
50 ke and the actual center frequency of this circuit's 
response is equal to 900 ke then the limiting frequencies, 
of this circuit are said to be 925 ke (900 + 25) and 
875 кс (900 — 25). 

The determination of what the bandwidth of a tuned 
circuit should ideally be is based upon the type of sig- 
nal that is to be passed. In this respect it is the side- 
bands of the signal which are the most important con- 
trolling factors of the bandwidth. The sideband fre- 
quencies in a-m, f-m, and television broadcasting are 
quite varied so that for each type of receiver different 
bandwidths exist, This will be discussed in a few mo- 
ments but before we go any further it would be im- 
Portant to mention that the definition of bandwidth as 
used today varies. It is generally understood to mean 
the frequency difference between the two limiting ex- 
tremes of the circuit or curve. The important question 
what determines these so-called limiting frequencies? 
According to common accepted engineering prac- 

tice, these limiting points are determined directly from 
the resonance curve of the circuit or network in ques- 
tion and normally are chosen as those points on either 
side of the curve where the voltage has dropped to 70.7 
* per cent of its maximum value. These points are also 
known as the 3-db or half-power points. Today, how- 
ever, when referring to the bandwidth of a tuned cir- 
cuit or system this definition of the term is not always. 
adhered to. That is, when bandwidth is sometimes re- 
ferred to, the frequency limits are not necessarily de- 
termined by the half-power points. Today it is a matter 
of design of the tuned circuits as to what is considered 
the acceptable range of frequencies the circuit will pass. 
Let us refer to Fig. 16-6 for a moment, The picture. 
shown here illustrates a typical single-peaked reso- 
nance curve. Points A and B on this curve are the half- 
power or 3-db markings. Frequencies f. and fy are the 
limiting frequencies as determined. by the half-power 
points on the resonance curve. The bandwidth of this 
Curve, according to the engineering definition, is the 
difference between the limiting frequencies f, and fo. 
This does not mean that frequencies on either side of 
ja and f, will not be passed. In fact frequencies between 
points f, and f, will also be passed by the tuned circuit 
in question but their relative signal strengths at the 
output of the tuned circuit will be less than those be- 
tween frequencies f, and f). With many tuned circuits 
today frequencies that fall above and below those de- 
termined by the half-power points are also considered 
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"acceptable" because even though their relative signal 
strengths are below that at the half-power points they 
are strong enough to accomplish certain desired re- 
sults. This applies not only to a response curve of the 
shape illustrated but to any shape curve. Consequently, 
when the term bandwidth is said, in this chapter, to be 
so many cycles wide it will mean that it is determined 
by what is considered the acceptable range of fre- 
quencies for the particular design. 

‘The bandwidths of tuned circuits in a-m, f-m, and 
television receivers differ considerably from each other. 
is the frequency of the audio- 
modulating signal which determines the minimum re- 
quired bandwidth of the tuned circuits that should be 
used in a-m receivers. According to the FCC, 7,500 
cps is the normal marimum audio-modulating fre- 
‘quency that can be used. Therefore, the normal maxi- 
mum bandwidth in the a-m broadcast band is consid- 
ered to be 15 kc! There are not many a-m stations that 
modulate with frequencies as high as 7.5 kc but for 
‘comparison purposes we will consider 15 kc as the re- 
sponse for a-m broadcasting. 

In order to make sure that the rf section of a-m 
receivers accepts whatever signal the set is tuned to, 
the bandwidth of the r-f tuned circuit is usually made 
larger than 15 ke. This is necessary because in tuning 
from one station to another (the variable component 
can be either inductive or capacitive) the Q of the r-f 
circuit will change and hence the shape of the reso- 
nance curve will also change. Thus if the r-f circuit 
bandwidth is made broad enough any selected station 


JThe FCC states that modulation at audio. above 





signal will be accepted by the tuned circuit even though 
the tuning may change the Q of the circuit. The mini- 
mum bandwidth for the i-f circuits should, therefore, 
be approximately 15 kc although in practice. high- 
fidelity receivers are the type that may have such band- 
widths. 

In f-m broadcasting the situation is much different. 
The frequency of the audio-modulating signal deter- 
mines only the rate of change of the frequency swing 
but it is the amplitude of the modulating signal that 
determines the amount of frequency swing of the f-m 
signal. The FCC has standardized 100 per cent modu- 
lation in f-m broadcasting as 75-kc peak frequency 
‘swing of the carrier. Thus the maximum strength of 
the audio-modulating signal is limited to that produc- 
ing a peak frequency swing of 75 ke, 

The separation between channels in the f-m broad- 
cast band is 200 ke, This is obtained by the FCC ruling 
that, to this maximum peak frequency swing of 75 ke, 
a 25-kc guard band is added to insure against inter- 
action between any two adjacent . Thus we see 
that the carrier frequency of each station is separated 
by 100 kc on either side for a total of 200 kc. The r-f 
tuned circuits of f-m receivers are usually made much 
broader than 200 ke (400- to 600-kc bandwidths are 
not too uncommon) for the same reasons as mentioned 
for a-m receivers. The minimum required bandwidths 
for the i-f and detector circuits are normally 150 ke 
for acceptance of the 75-kc maximum peak frequency 
swing. In order to insure against oscillator detuning 
in the receiver and to make sure all the effective side- 
bands of the f-m signal are accepted, the bandwidths of 
the if. and detector tuned circuit are normally made 
between 200 and 300 ke wide. For example, the band- 
width referred to for f-m detector circuits exists be- 
tween points a and b of Fig. 16-5A. 

In television the bandwidths that we have to deal 
with are much greater than those of a-m and f-m broad- 
casting. The minimum frequency separation between 
each television channel is 6 Mc. This 6-Mc sepa- 
ration takes into account both the sound f-m signal as 
well as the video a-m signal. The r-f or input circuits 
of television receivers have to accept both the video- 
and sound-modulated signals and, therefore, the re- 
quired minimum bandwidth for the input circuits is 
6 Mc. The f-m signal itself occupies but a small por- 
tion of the over-all 6-Mc television channel (see Fig. 
14-24 in Chapter 14). The r-f tuned circuits are usually 
made much broader than the minimum 6 Mc for the 
same reasons as given in the a-m receiver case. 

‘The i-f tuned circuits of the television receiver are 
divided into two sections — the video and sound sys- 
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tems, It is the video i-f system which requires more 
careful alignment than the sound section. The shape 
of the over-all video i-f response characteristic is very 
important and, in general, should be approximately the 
same for all receivers. It does not matter what type of 
coupled circuits are employed for each individual i-f 
circuit as long as their combined resonance curve pro- 
duces the required shape. The bandwidth of the com- 
bined video i-f circuits is also 6 Mc. A typical example 
appeared in Fig. 16-5B, The bandwidths of the indi- 
vidual video i-f tuned circuits are not the really impor- 
tant factor; the shape and bandwidth of the over-all 
curve is the important criterion. However, it is impor- 
tant to know the shape of the curve that appears on the. 
oscilloscope as we progressively align each stage to 
produce the final resultant curve. 

The FCC standardizes 25-kc deviation of the sound 
f-m signal for television as representing 100 per cent 
modulation, This means that the minimum bandwidth 
required by the i-f and detector circuits of the sound 
system of television receivers is only 50 kc. The actual 
bandwidths of these tuned circuits are found to vary 
anywhere from 50 to 200 ke and possibly even higher. 
This increase in bandwidth is necessary in order to 
compensate for possible drift in the local oscillator fre- 
quency. If the bandwidths of these sound i-f circuits 
are about 50 ke and if the oscillator drifts, then the re- 
sultant i-f signals may be shifted part or all of the way 
out of the acceptable range of the i- circuits. 

So much for the basic knowledge of the tuned cir- 
cuits of receivers. Now let us discuss something about 
the equipment used for visual alignment. 





Production of the Frequency-Modulated Signal 
Since the sweep generator is considered such an 
essential part of visual alignment it is felt that an 
analysis of how the frequency-modulated signal (ie. 
f-m signal) is produced by such units warrants dis- 
cussion. In this section, we will study those basic 
methods as employed in the sweep generators. 
Since a resonance curve is an indication of the man- 
ner in which a juned circuit or system responds to an 
impressed voltage over a band of frequencies, for visual 
alignment it is necessary that the input signal voltage 
be available as a variable frequency voltage to produce 
this curve. This variable frequency signal should be 
such that its frequency variations more than cover that 
represented by the extremes or bandwidth of the re- 
sponse curve of the circuit or system under test. If the 
circuit under testis that of a single resonant network or 
of a double-tuned transformer network, then it is said 





that the variable frequency signal should be changing 
in frequency by amounts approximately equal on both 
sides of the resonant frequency of the circuit. In other 
words, the center frequency of the variable frequency 
signal should be approximately equal to the resonant 
frequency of the tuned circuit. If the final response 
curve is a combination of individual resonance curves 
then the center frequency of the variable frequency 
signal should be approximately equal to the frequency 
that is the center of this combined response curve. 

This variable frequency om frequency-modulated 
signal can be produced in a number of different ways. 
Today instruments that are used to produce the neces- 
sary f-m signals are, as we have previously mentioned, 
usually called sweep generators ; years ago the instru- 
ments were termed wobbulators or just simply fre- 
quency modulators. One thing that all these different 
instruments had in common is that each contained a 
basic L-C oscillator circuit and the effective inductance 
or capacitance of the oscillator’s tank circuit was varied 
at some specific rate to produce the f-m signal. It is the 
method of varying this effective inductance or capaci- 
tance which makes one instrument different from an- 
other. In order to fully understand the use of an f-m 
signal for alignment purposes we will consider some 
of the basic methods for the production of such 
signal. 

The r-f oscillator can be frequency-modulated by 
electronic means or by some electromechanical method. 
In the electronic systems there is one very important 
‘means, and that is through the use of a special circuit 
called the reactance-tube modulator. In the mechanical 
systems some component is subjected to a mechanical 
variation which, in turn, causes a change in the effec- 
tive capacitance or inductance of the oscillator circuit. 





Basic Frequency Modulator Circuit 


In order to see how an oscillator circuit can become 
frequency-modulated let us study the simple circuit of 
Fig. 16-7. Here we see a capacitor-type microphone M 
shunted directly across the L-C tank circuit of a simple 
Hartley oscillator. Without any sound input to the 
microphone, the capacitance of the complete circuit 
depends upon the setting of C plus the fixed capaci- 
tance offered by the microphone. Thus the fixed or 
resting frequency of oscillation is determined by the. 
capacitance offered by the unexcited microphone in 
conjunction with L and C. When a sound wave strikes 
the microphone the capacitance of this microphone 
changes. The variation is such that the capacitance 
changes by an equal amount above and below its fixed 
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Fig, 16-7—A simple frequency modulator circuit 
apacitor-type microphone, ms 


value, Consequently, we can readily see that such a 
sound wave will cause the frequency of the oscillator 
to change in accordance with the changing capacitance 
of the microphone and hence the oscillator becomes 
frequency-modulated. 

The sound wave is the modulating signal and the 
rate at which the frequency of the circuit changes about. 
its center or resting value is determined by the fre- 
quency of the applied sound wave, The intensity or 
amplitude of the sound wave determines how great 
the change in capacitance of the microphone will be 
and hence the amount of frequency change of the oscil- 
lator. The stronger the sound signal the greater will 
be this frequency change. The amount of frequency 
change is limited by the physical construction of the 
microphone. 

The amount of frequency variation about the resting 
frequency of the oscillator is termed the frequency 
deviation or frequency swing of the f-m signal. If an 
oscillator having a center frequency of say 100 ke is 
frequency-modulated so that the maximum instanta- 
neous frequency is equal to 110 ke and the minimum 
instantaneous frequency equal to 90 kc, the total fre- 
quency deviation is equal to 20 ke. This total frequency 
deviation is often termed the peak-to-peak frequency 
deviation or just peak-to-peak deviation. The fre- 
quency difference between the resting frequency and 
the maximum or minimum instantaneous frequency of 
the f-m signal is often termed the peak frequency devi- 
ation or just peak deviation. The center frequency of 
the f-m signal is also called the carrier frequency. 

The capacitor microphone circuit just discussed is 
not intended to convey the idea that it is the type of 
oscillating system actually used in sweep generators. 
Tt was shown primarily to indieate a simple method 
whereby an oscillator circuit can become frequency- 
modulated by mechanical variation of an element which 
is part of the oscillator tank circuit. Besides showing 
us a basic method of producing an f-m wave this sys- 





tem has also given us the fundamental relationship of 
the frequency and amplitude of the modulating signal 
to the rate and amount of deviation of the f-m signal. 


Old Types of Frequency Modulators 

‘One of the first types of frequency modulators em- 
ployed for visual alignment was known as a wobbulator 
and was commercially available in the early 1930's, 
‘One principal type consisted of a motor-driven variable 
‘capacitor which was part of an oscillator tank circuit, 
A simple schematic representation of such a circuit 
appears in Fig. 16-8. In this drawing L and C repre- 
sent the tank circuit components of the oscillator and 
capacitor C1 is the tunable unit, where the rotor of C1 
is ganged to the shaft of the motor. The motor in con- 
junction with the variable capacitor is often called the 
frequency modulator or just modulator of the unit. The 
frequency of oscillations without the motor turned on 
is determined by inductance L and the values of C and 
с. 





. 16-8. Schematic of one of the fret types of motor- 
«шшен: = 


With the motor turned on, the rotor of capacitor C1 
is continuously rotated and since this capacitor is part 
of the oscillator tank circuit, each variation in capaci- 
tance causes a change in the frequency of oscillations, 
Therefore, as the capacitor continues to rotate, the 
oscillator becomes frequency modulated. The maxi- 
mum and minimum capacitance values of C1 deter- 
mine the lowest and the highest instantaneous fre- 
quency of the f-m signal, The maximum amount of 
capacitance change oí CI determines the frequency 
deviation of the f-m signal. For any one such type of 
wobbulator the amount of frequency deviation is fixed 
because the modulation capacitor was continuously 
rotated between its extreme capacitance values. The 
rate of frequency deviation depends upon the speed of 
the motor ; consequently, the rate of frequency devia- 
tion could be varied by simply changing the speed of 
the motor. Primarily because of the construction of the 
modulation capacitors, the amount of frequency devia- 
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tion produced by such wobbulators and hence the avail- 
able bandwidth that the f-m signal could cover was 
limited. However, for visually aligning the tuned cir- 
cuits of a-m receivers, where the bandwidth of the 
cuit is not very wide, such wobbulators found practical 
usefulness. 

‘As far as the servicing industry today is concerned, 
motor-driven wobbulators are very seldom used, and 
are considered obsolete. This is especially so since the 
modern sweep generators are easier to use, are more 
versatile, and are relatively inxpensive. There are 
some special types, however, that are designed for cer- 
tain research laboratory applications but are not com- 
mercially available. 

‘One of the first types of electrically operated fre- 
quency modulators made use of the principle that if 
an alternating signal is applied across the primary of 
ал Iron-core transformer, the permeability of the iron 
core will change in accordance with the changing mag- 
netizing current flowing through the primary winding. 
If the secondary of this transformer was connected as 
the inductor of an oscillator tank circuit then variation 
in the permeability of the iron core would cause a vari- 
ation in this (secondary) inductance and hence in the 
resonant frequency of the oscillator circuit. 





Modern Sweep Generators 
‘Visual alignment is made extremely useful today by 
the modern type of frequency modulators which are 
better known as sweep generator.* Two principal types 
of sweep generators are used today, one where the in- 
ductance or capacitance is electronically varied by a 
special circuit known as a reactance tube and the other 
where the variation is brought about by electromechan- 
ical means. Almost all sweep generators today are a-c 
operated and make use of the 60-cps source from their 
own power-supply circuits as the modulating signal. 
In the electromechanical systems, the 60-cps signal 
is applied to some form of vibrating mechanism in such 
‘a manner that the strength of the 60-cps signal will 
control the amplitude of vibration and the 60-cps fre- 
quency controls the rate of vibration. This special 
vibrating mechanism is mechanically ganged either to 
the rotor plates of a special type of variable capacitor 
which effectively varies the capacitance of the oscillator 
tank circuit, or, more frequently, to a special metal 
Plate mounted near the inductance of the oscillator 
tank circuit. The vibration of this plate varies the ef- 
fective inductance of the tank circuit. The greater the 
(60-cps voltage, the greater will be the frequency devia- 


"3See Chapter 14 for a more detailed comparison of modern 
sweep generators. 





of 69.5 the schematics of the modern mechanical уре 
sweep oscillator shown indicates capacitive 
tion and (B) inductive variation. 


tion, Consequently, regulation of the amount of 60-cps 
modulating voltage will control the amount of fre- 
quency deviation to the quantity desired. 

The two drawings of Fig. 16-9 illustrate these two 
basic mechanical systems ; part (A) represents the case 
where the capacitance is varied and part (B) the sys- 
tem where the inductance is changed. In both circuits 
the inductance L represents the vibrating mechanism 
and the potentiometer R controls the amount of 60-cps 
modulating signal applied to inductance L. Potentiom- 
eter R is often called the deviation control or sweep 
‘width control. The oscillator tank can be part of most 
types of r-f oscillator circuits. The dashed line in each 
drawing indicates the mechanical ganging between the 
coil receiving the 60-cps voltage and the movable tank- 
circuit component. In part (B) the heavy vertical line 
near the tank-circuit inductance represents the mov- 
able plate. 

With the electronic type of sweep generator the 
60-cps modulating signal has the same effect upon the 
reactance-tube circuit as in the mechanical units. A 
simplified reactance-tube cireuit showing the applica- 
tion of the 60-cps modulating voltage appears in Fig. 
16-10. This circuit operates by placing across the os- 
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Fig. 16-10.—A simplified reactance-tube circuit. 


cillator tank circuit an impedance which varies in ac- 
cordance with the changes in the transconductance of 
the tube, According to the circuit components at the 
‘output of the tube, the reactive part of this impedance 
can be either inductive or resistive. For the circuit 
under discussion, capacitance C and resistance R are 
the important elements and they cause the impedance 
to be capacitive, The resistive part of the impedance is 
made to have negligible effect by making the reactance 
of C more than five times greater than the resistance of. 
R and also by using a tube having a high plate resist- 
ance. 

In such circuits the plate current is always in quad- 
rature (ie. 90* out of phase) with the voltage across 
the series C and R network (the output voltage), with 
the current leading the voltage. The injected capaci- 
tance for this circuit is directly proportional to the 
transconductance or gm of the tube. Thus, an alter- 
nating signal applied to the grid of the tube will change 
the gm of the tube an equal amount on either side of its 
steady-state value. This change in ga will, in turn, vary 
the injected capacitance and hence cause frequency 
modulation of the oscillator. The applied 60-cps signal 
to the grid of the tube accomplishes this effect. The 
stronger the 60-cps voltage, the greater the change in 
gm, the greater the injected capacitance variation, and 
hence the greater the resulting frequency deviation of 
the f-m signal. In the cireuit of Fig. 16-10 potentiom- 
eter RI is the deviation or sweep width control. 

From this analysis, in conjunction with what was 
previously said about bandwidth it should be under- 
stood that for visual alignment the sweep generator 
must have an f-m output whose center frequency is 








approximately equal to the center frequency of the re- 
sponse curve being observed and whose minimum 
peak-to-peak frequency deviation should be more than 
capable of covering the bandwidth of the circuit. Since 
the center frequency and bandwidth of the tuned cir- 
cuits in a-m, f-m, and television receivers differs so 
much, the proper choice of the sweep generator to be 
used is quite important. 


Sweep Generator Controls and Terminals 


There are many different types of modern alignment 
sweep generators on the market today. Basically they 
are primarily designed to furnish the necessary signals 
for visual alignment. However, a great deal of these 
sweep-generator units also include a marker generator. 
This was indicated at the beginning of the chapter. 
Most of the controls and terminals on sweep-generator 
units are all designed to perform the same function but 
the names and placement of these controls vary quite 
a lot. This is analogous to the situation relative to the 
terminology of the controls on oscilloscopes as indi- 
cated in Chapter 10. In this section we will discuss 
those controls and terminals that are pertinent to visual 
alignment. To try and discuss all the controls on the 
different sweep generators is beyond the scope of this 
book. 

There are four major types of controls and two ter- 
minal connections existing on most sweep generators 
that are important to proper alignment. The function 
‘of these four major controls are as follows: 

1. Selection of the center frequency of the f-m out- 
put signal. 

2. Regulation of the amplitude of the f-m output 
signal. 

3. Determination of the amount of frequency devi- 
ation of the f-m output signal. 

4. Control of the phase between the signals used for 
modulating the f-m wave and that used for the hori- 
zontal-deflection voltage of the oscilloscope. 

‘The two principal terminals are as follows: 

1. The terminal where the f-m output signal is taken. 
of. 

2. The terminal where the modulating signal can be 
taken off to feed the horizontal input terminals of the 
oscilloscope. 

Center frequency selection of the f-m signal may be 
‘accomplished by a single continuous control alone, or 
by a range switch in conjunction with a continuous 
wernier control which finally selects the exact fre- 
quency. The latter type of arrangement is more com- 
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mon because it enables the sweep generator to cover a. 
wide frequency range. The regulation of the amplitude 
of the f-m output signal may be accomplished by a 
single continuous control or by a step attenuator switch 
in conjunction with a continuous vernier control. The 
other two types of controls are usually accomplished by 
ıa single knob. Both types of terminals referred to may 
be of the cable type of connection or just a simple 
binding-post connection. The former type of connec- 
tion is used a great deal for the f-m output terminals. 
The positions of these controls and terminals on pres- 
ent-day sweep generators are so varied that it would 
be difficult to draw a representative diagram illustrat- 

In order to indicate the various names that are given 
to these controls and terminals we have listed in Table 
T the names exactly as found on quite a few of the mod- 
ern sweep generators. 


TABLE I 
A. CENTER FREQUENCY SELECTION 


Selects Exact Frequency — Selects Frequency Range 


Frequency Adjustment Range Selector 
Tuning Selector 
Vernier Frequency 
Fine Frequency Adj. Coarse Frequency Adj. 
‘Sweep Frequency ‘Sweep Frequency 
Band Selector 
— Range 
مت‎ Band 


B. Auptitupe Controt or F-M SicNat Оотрот 


Fine Attenuation 
Output Control 

Fine Attenuation 
Fine Attenuator 


Step Attenuator Switch 
‘Output Multiplier 

Step Attenuator 
Attenuator 

Coarse Attenuation 
RF. Attenuator 


n 


D. Сомтво, оғ РнАзЕ 


Phase 
Phasing 
Phasing Control 
Phase Shifter 
Scope Phase 


E. F-M SIGNAL OUTPUT TERMINAL 


Output 
R.F. Output 
R.F. Out 
RF. 


F. TERMINAL FOR HORIZONTAL-DEFLECTION 
VoLTAGE 


Horizontal Sweep 
Horizontal Syne 


Scope 

‘Sweep Out 
Phasing 

AF Out (Sync) 
w~ 


In some generators, although there is a control which 
selects the exact center frequency of the f-m wave, 
there is no name designated to it. This is indicated in 
section A of Table I. In section B, the last four names 
indicate that there is no attenuator switch for coarse 
control of the f-m signal amplitude. 


Marker Generation. 


It is often valuable when employing visual align- 
ment to be able to identify certain frequency points on 
the response curve or the frequency limits of the curve. 
Today two principal methods are employed whereby 
such frequency points are identified. Whatever method. 
is used, the points are indicated by changes in ampli- 
tude on the response curve at specific frequencies. 

Both methods of frequency identification were men- 
tioned in Chapter 14. One system uses an absorption- 
type wavemeter, which, by virtue of its energy absorb- 

ing qualities produces a decrease ín amplitude (ie, a 
dip) atthe peat inthe response curve whose орону 
is the same as the resonant frequency of the wavemeter, 
The other system makes use of an unmodulated r-fsig- 
nal within the pass-band of the circuit under test. This 
T- signal is used in conjunction with the f-m sweep 
signal. The use of such a signal as this produces a 
change in amplitude above ond below that of the re- 
sponse curve. 
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Whatever system is used, that part of the curve in 
which there is this change in amplitude is generally 
referred to as a marker point or just a marker. Today 
the method using an unmodulated r-f signal is em- 
ployed most often. Such r-f signals are obtainable from 
special marker generators which are usually crystal- 
controlled. These marker-generator systems may be 
a part of the sweep generator or a separate unit. In 
Fig. 16-11 appears a typical over-all television i-f re- 
sponse curve with a 44.25-Mc marker indication in the. 
center of the curve. The unmodulated r-f signal used 





commonly known as the marker signal or marker 
frequency. 


Coney Ee Radis Corp. 
16-11—A typica over-all video порови сше Ват. 
ing t marke pul loe comer o the carne. 


When the marker generator is a separate unit, its 
signal output can be injected anywhere in the receiver 
that is desired. There are two types of combined sweep 
and marker-generator units. In one type the marker 
signal output is available from a separate terminal and 
hence can also be applied to any desired part of the re- 
ceiver circuit. In the other type, the marker signal is 
available together with the f-m output signal of the 
generator, Hence, in this latter type of unit, the marker 
signal is automatically injected at the same point in the 
receiver to which the f-m signal is fed. Of course, it is 
possible, in this latter type of unit, to use either the 
marker signal or f.m. alone without the other. 

In many of the marker generators, whether separate 
units or parts of the sweep generators, a variable fre- 
quency oscillator is used to determine the marker fre- 
quency. Most of these generators employ a crystal 
oscillator circuit for accuracy of calibration of the r£ 
marker signal, with the usual provision for external 
connection of the crystal. In some units, the marker 
signal is simply obtained from the barmonics of certain. 
crystal oscillators. In this case, the marker frequency 
is usually not continuously variable. 

The trend today is to incorporate the marker gener- 
ator as part of the sweep generator. Each one of these 
units has two major controls, one which selects the 
marker frequency and the other which controls the 


amplitude of the marker signal. Most of these units 
have a special plug connection for inserting a crystal. 
In those units where the marker signal is available 
separately from the sweep generator, there is also an 
extra terminal for taking out this marker signal. 

The names given to these principal controls and ter- 
minals are not as varied as are those of the sweep gen- 
erator. For example, for marker amplitude control, 
some of the names usually given are marker output, 
marker, marker att, and marker injection. For the 
marker-frequency control, the most common names 
are marker and marker frequency. For the crystal 
socket, the terminology used is primarily crystal and 
n some cases just XL, which is an abbreviation for the 
word crystal. For those units that have provision for 
separate marker output terminals, these terminals are 
termed just marker and external marker. 


FORMATION OF THE PATTERN 


Now that we have the fundamental information 
about the equipment needed for visual alignment and 
the facts about the bandwidths of the different re- 
ceivers' tuned circuits we are now ready to discuss the 
formation of the pattern on the oscilloscope. In this re- 
spect we have to know something about the signal 
inputs to the oscilloscope and where they are obtained 
before the actual process of pattern formation is 
analyzed. 


Rectification of the Tuned Circuits’ Output 


At the very beginning of this chapter we mentioned 
that rectification of the signal output from the tuned 
circuit or system under alignment is necessary for 
proper visual observation of the response curve, 

Examination of receiver manufacturers’ service data 
relative to visual alignment or that found in servicing 
text books will indicate that the vertical-deflection 
voltage for the oscilloscope is generally secured from 
the detector circuit of the receiver in question. There 
may be some variations as to exactly the part of the 
circuit this voltage is secured from, This depends upon 
the type of receiver that is to be aligned. Whatever the 
case may be, these references indicate that rectification 
of the signal output from the tuned circuit or system is 
necessary in order to develop the resonance curve on 
the screen of the cathode-ray tube. Let us analyze this. 
problem of rectification and find out why itis necessary, 

First of all it is important that we remember that an 
f-m signal input is necessary in order to cover the band- 
width of the tuned signal. Let us assume that an f-m 
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Fig. 16-12—Circuit for examining the output of an. 


if amplifier system on an when using an f-m signal 
input. 


signal with a center frequency of 460 kc and a peak 
deviation of 10 ke is being fed into an i-f amplifier and 
also that the vertical terminals of the oscilloscope are 
connected across the secondary of this transformer, all 
as indicated in Fig. 16-12. If the transformer is un- 
tuned and does not offer any frequency discrimination 
between 450 ke and 470 ke then the pattern that will 
appear upon the oscilloscope will be just an f-m wave 
of constant amplitude containing the same frequency 
deviation as the input f-m signal. (The frequency re- 
sponse of the vertical amplifiers must be fat to at least 
500 kc in order to reproduce this signal.) 


4 4 


16-13—Part (A) 
ginet runter 161A amd part (B) ee 
ESE oscilloscope. 


Now let us assume that T1 is a double-tuned trans- 
former, as indicated by the dotted trimmer capacitors 
across the coils, and that the circuit is resonant at 460 
ke. The graphical resonance curve for this tuned trans- 
former is illustrated in Fig. 16-13A. Note the fre- 
‘quency limits of this curve. With the same f-m signal 
input as before and the tuned circuit arrangement as 
indicated, a pattern will appear on the oscilloscope but 
it will not be the simple resonance curve of Fig. 
16-13A. The pattern which will appear will be an f-m 
wave that is amplitude-modulated with the envelope 
of the resonance curve. This is indicated in Fig. 
16-13B. The reason why such a pattern appears on the 
oscilloscope is explained as follows. 


The tuned circuit has a certain degree of selectivity 
as seen by its response curve shown in Fig. 16-13A 
and hence imparts amplitude-modulation effects to the 
fem wave passing through it. The envelope of the reso- 
nance curve appears above and below the pattern of 
Fig. 16-13B because it changes the amplitude of the 
input f-m signal above and below its zero reference 
axis. In other words the selectivity of the tuned circuit 
affects both halí-cycles of each cycle of the f-m signal- 
in the same manner. 

Although from the pattern of Fig, 16-13B we can 
tell the shape of the resonance curve of the tuned cir- 
cuit from either the upper or lower envelope, such à 
method is not very practical for a number of reasons. 
For exact interpretation of alignment patterns, the 
actual resonance curve is desired since it is less con- 
fusing. Another important reason is that many of the 
service oscilloscopes in use do not have a frequency 
range adequate to pass frequencies as high as 500 kc. 
Therefore, it is only possible to visually align a-m re- 
ceivers by the method of Fig. 16-12 if the oscilloscope 
has a frequency range well beyond the i.f.’s of the re- 
ceiver. For f-m and television receivers, the situation 
is much different. The i.f.'s of the majority of f-m re- 
ceivers are 10.7 Me and for the video circuits of tele- 
vision receivers the if.'s are generally above 20 Mc. 
There are a few, but very expensive, laboratory oscil- 
loscopes that have a frequency response to 10 Mc and 
higher. 

If the signal output from the tuned transformer cir- 
cuit is rectified before it is applied to the oscilloscope, 
it is possible to use almost any type of oscilloscope for 
visually observing the resonance curve of the circuit. 
The new circuit is shown in Fig. 16-14. This circuit is 
very similar to the diode detector circuit of a-m re- 
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ceivers or the video detector circuit of television re- 
ceivers, The same amplitude-modulated pattern of Fig. 
16-13B appears in the output of T1. This pattern ap- 
pears to the diode as a simple a-m wave, and, conse- 
quently, the signal becomes rectified and detected by 
this tube. Since a simple diode circuit cannot respond 
to changes in frequency, it does not detect the f-m part 
of the signal. Consequently, due to rectification, exactly 
half the pattern of Fig. 16-13B results. Components 
R1, C1, and C2 of Fig. 16-14 serve as an r-f filter for 
the f-m part of the signal and hence only the envelope 
of the signal appears across the diode load, resistor R2, 
Since the envelope of the signal is repeated at the same 
rate as the modulating frequency of the f-m signal, the 
frequency response of the oscilloscope need only be so 
great as this modulating frequency. This holds true no 
matter what the i. of the receiver being aligned is. In 
practice this modulating frequency is always within 
the audio range, being 60 cps in the majority of cases. 
We can see that by this latter method of visual align- 
ment almost any type of oscilloscope can be used as 
longas the lower limit of its vertical frequency response 
is below the modulating frequency of sweep generator, 
and this is true of most oscilloscopes. 


Detector Probe 


When the detector of the receiver is used, it is not 
possible to observe the resonance curve of each indi- 
vidual i-f stage. The only single i-f resonance curve 
that it is possible to see is that of the last i-f stage of the 
receiver (i.e. that preceding the detector), because this. 
is the only stage whose input signal can be secured 
from the sweep generator and yet have its output signal 
fed directly to the detector. When other i stages are 
aligned, the resonance curve seen on the oscilloscope is 
actually a combination of the individual resonance 
Curves of the i-f stages between the sweep generator 
and the detector circuit of the receiver. 

Observation of individual resonance curves is pos- 
sible by using an auxiliary detector for rectification of 
the output signal rather than the detector of the re- 
ceiver. In this manner the auxiliary detector can be 
moved to whatever stage is to be aligned and only the 
resonance curve of that stage will appear on the oscillo- 
scope, Alignment through the observation of individual 
resonance curves is often desired in television receivers 
where the i-f stages employed may each have different 
resonance frequencies and/or different types of coup- 
ling. In actual single-stage resonance alignment a sys- 
tem is used where the complete circuit is enclosed in a 


probe for ease of manipulation. This is generally re- 
ferred to as a detector probe or traveling detector 
probe. 

The circuit arrangement of a typical detector probe 
is shown in Fig. 16-15 where a germanium crystal type 
IN34 functions as the detector. In this circuit the posi- 
tive side of the crystal refers to the anode or plate of 
the detector and the negative side indicates the cathode. 





Fig. 16-15.—A typical detector probe circuit 


Using a unit such as this requires no heater voltages 
and hence it is an easy matter to enclose the complete. 
circuit in a probe. The detector circuit of Fig. 16-15 is. 
representative of the type as used in stage-by-stage 
alignment of television receivers. The values of the 
‘components may vary somewhat from those indicated 
in the drawing. The two 0.001 nf capacitors and the 
220-ohm resistor combination at the right side of the 
probe (the end connected to the vertical input termi- 
nals of the oscilloscope) functions as a filter to the r-f 
signals. The 10,000-ohm resistor acts as the load for 
the detector. The left side of the detector circuit is con- 
nected to the output circuit of whatever stage is to be 
aligned. 

‘The manner in which the positive and negative ter- 
minals of the crystal detector are connected and the 
number of vertical amplifiers used in the oscilloscope 
helps determine whether the response curve appears 
upright or inverted. To change an inverted resonance 
curve simply means reversing the connections of the 
crystal detector. 








The Horisontal-Deflection Voltage 


One of the most important aspects of the visual- 
alignment procedure is the use of the correct signal for 
the horizontal-deflection voltage of the oscilloscope. In 
order to reproduce the resonance curve on the oscillo- 
scope the signal used as the modulating voltage for the 
iom wave inside the sweep generator should also be 
used as the horizontal deflection voltage for the oscillo- 
scope. In other words, if the modulating signal of the 
fem wave varies linearly with respect to time, the hori- 
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zontal-deflection voltage should also vary linearly, In 
like manner if the modulating signal of the f-m wave is 
sinusoidal, the horizontal-deflection voltage must be 
sinusoidal. 

One common error that is usually made in visual- 
alignment procedures is that the sawtooth time base of 
the oscilloscope is often used as the horizontal-deflec- 
tion voltage regardless of what type of signal modu- 
lates the carrier inside the sweep generator. The reso- 
nance curve produced by this method is not a true 
curve displayed on a linear scale but is distorted in 
some fashion. Since we are used to graphically repre- 
‘senting resonance curves on a linear scale, it is impor- 
tant that we try to reproduce such curves upon the 
oscilloscope. 

‘The majority of modern sweep generators employ 
sine-wave modulation so that a sine wave should also 
be used as the horizontal-deflection voltage for the 
oscilloscope, As previously pointed out most sweep 
generators have an output terminal where this sine- 
wave modulating signal could be taken off and fed 
directly to the horizontal input terminals of the oscillo- 
scope. Practically all oscilloscopes have some arrange- 
ment on the front panel whereby the internal sawtooth 
generator of the unit is switched out of the horizontal 
amplifier circuit and the horizontal input terminals 
switched in. 

Many oscilloscopes also have means whereby the 
60-cps signal from the power-supply circuit of the unit 
may be used as the horizontal-defiection voltage instead 
of the sawtooth time base. Since the sine-wave modu- 
lating signal of the majority of sweep generators is 
also obtained from its own power-supply circuit, itis, 
therefore, possible to utilize the internal 60-cps sine- 
wave sweep of the oscilloscope as the horizontal-de- 
flection voltage instead of connecting the 60-cps output 
from the sweep generator to the horizontal input ter- 
minals of the oscilloscope. It is suggested that the 60- 
cps sine wave from the sweep generator be used be- 
саће іп that manner phase control between the bori- 
zontal-deflection voltage and the modulating signal of 
the f-m output of the sweep generator is possible. 

If the frequency of the horizontal-deflection voltage 
is the same as, or an integral multiple of, the modulat- 
ing signal of the f-m wave, synchronization of the pat- 
tern on the oscilloscope will be complete. However, in 
order to reproduce a single pattern upon the screen, 
the frequency of both these signals should be the same. 
This, of course, is assured by using the same modu- 
lating signal from the sweep generator for the hori- 
zontal-deflection voltage. 


‘Tracing Out the Curve 

In this section, we will explain how the response of 
ап undercoupled i-f transformer is traced out on the 
screen of an oscilloscope, first using a modern sweep 
generator employing sine-wave modulation, and then 
using a wobbulator employing a rotating capacitor. The 
reason we are including the wobbulator method is to 
give a comparison between what has been used in the 
past and what is commonly employed today. 


Using the Wobbulator 


We mentioned previously that for the reproduction 
of the resonance curve on a linear scale the modulating 
signal of the f-m wave and that causing horizontal de- 
flection should have the same shape, When a wobbu- 
lator is employed, we do not deal with an actual modu- 
lating signal as in the modern sweep generator, but 
rather with a rotating capacitor. In the former method, 
the amplitude of the sine wave determines the amount 
of frequency deviation, whereas in the latter case it is 
the amount of capacitance variation of the rotating 
capacitor which determines the amount of frequency 
deviation. It is the curve of frequency versus time pro- 
duced by this rotating capacitor which is analogous to 
the sine-wave modulating signal of the other type of 
unit. The shape of this frequency versus time charac- 
teristic, which is standard, is shown in Fig. 16-16. Be- 
tween points a and g this curve represents three revo- 
lutions of the rotating capacitor. 


‘versus time 


16-16.—Triangular 
gestr frequency versus time 
WAX FRED 
bum rnea if capacitor used in wob- 


Let us assume that the rotating capacitor is con- 
nected across the parallel tuned tank circuit of an os- 
cillator. This means that when the capacitance of the 
rotating capacitor is a maximum (ie. plates fully 
meshed) the instantaneous frequency of oscillation is 
a minimum and when the capacitance is a minimum 
(Le. plates completely open) the instantaneous fre- 
quency is a maximum. Thus, minimum frequency 
points a, c, e, and g of Fig. 16-16 occur when the plates 
of the capacitor are fully meshed and maximum fre- 
quency points b, d, and f occur when the pintes are 
completely open. 
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Since the waveshape is linear, the linear sawtooth 
time base of the oscilloscope can be used for the hori- 
zontal-deflection voltage. In order to understand how 
a pattern is traced out let us assume a starting condition 
where the instantaneous frequency of the wobbulator 
a minimum and where the sawtooth voltage of the 
oscilloscope starts increasing from its minimum value. 
The frequency of rotation of the capacitor and that of. 
the sawtooth sweep are made equal so that it takes the 
same amount of time to complete one triangular wave 
as it does to complete one cycle of sawtooth. Let us 
further assume that the wobbulator input is fed to a 
loosely-coupled i^ system, where the output signal 
after detection is a si 





resonance curve. 





16-17 Graphical single-peaked 
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Refer to Fig. 16-17 (The notation here is distinct 
from Fig. 16-16.) Part (A) represents the single- 
peaked resonance curve (shown in a side position for 
the sake of illustration), part (B) the triangular wave, 
and part (C) the sawtooth signal. Since one revolution 
of the capacitor causes an indicated change in fre- 
quency from minimum to maximum and back to mi 
mum again, the f-m signal sweeps over the tuned circuit 
twice. 





‘This means that when curve (B) in Fig. 16-17 goes 
from ato c the f-m signal sweeps over curve (A) from 
fto hand when curve (B) continues from ¢ to ¢, the 
f-m signal sweeps back over curve (A) from A to f. 
Let us now see what this means when the detected out- 
‘put signal is fed to the vertical terminals of the oscillo- 


scope. 
The sawtooth signal of Fig. 16-17C, when acting 
alone just causes the beam to be deflected along the 


horizontal, starting from the extreme left of the screen, 
which corresponds to point j on the sawtooth. With the 
input signal applied to the vertical deflection terminals 
and the sawtooth signal to the horizontal-deflection 
amplifiers, the combined action is such that during the 
first quarter of a cycle of sawtooth signal, that is, from 
points j to k, the resonance curve is traced out from 
fto g. This is indicated in part (D) from p to q. Dur- 
ing the next quarter of a cycle of sawtooth signal, from 
time & to I, the second half of the resonance curve of 
Fig. 16-17A ig traced out from points g to h, This is 
indicated in Fig. 16-17D from points q tor. 

Thus far we see that during one half-cycle of saw- 
tooth signal, the rotor of the capacitor has turned only 
half a revolution and the resonance curve has been 
traced out once, For the next half-cycle of sawtooth 
signal, the capacitor completes its revolution and the 
resonance curve is swept again and a second resonance 
‘curve appears on the screen. This latter curve is indi- 
cated in Fig. 16-17D during time r to t. This second 
resonance curve tracing from r to t corresponds to time 
‘nto fof part (A) of the drawing. This correspondence 
is difficult to detect from the symmetrical si 
patterns shown in the illustration but if the curves were 
‘not symmetrical it would be easy to see, The drawing 





of Fig. 16-18 illustrates such a case. This figure is 
analogous to Fig. 16-17. From examination of part 
(D) of the latter figure one can readily see that the 
two resultant resonance curves are traced out in oppo- 
site directions. In other words, the two resonance 
‘curves of Fig. 16-18D are mirror images of each other. 
In Fig. 16-19 appear two oscillograms of resonance 
curves produced by a wobbulator. The double pattern 

of photo (A) is that of a symmetrical single-peaked 
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Fig, 16-19.—Oscillograms of resonance curves obtained with 
a wolibulator. 


resonance curve whereas photo (B) is a double pattern 
of an unsymmetrical resonance curve which is seen to 
contain three peaks. These two photos corroborate the 
previous theory about the manner in which the f-m 
signal traces out the resonance curve. 

In the previous analysis, the time that it took the 
capacitor rotor to complete one revolution and the saw- 
tooth sweep signal to complete one cycle were equal 
This is the same thing as saying that one cycle of saw- 
tooth is completed during one cycle of the triangular 
wave. How would the pattern appear if the frequency 
of the sawtooth were twice that of the triangular wave? 
In such a case the complete resonance curve is traced 
through twice, as in the other method, but appears 
differently on the screen. 

Let us refer to Fig. 16-20 and see how an unsymmet- 
ical resonance curve, part (A), is traced out on the 
screen under these conditions. Part (B) of this draw- 
ing is the rotating capacitor's frequency versus time 
characteristic and part (C) is the sawtooth time base 
of the oscilloscope. Since two cycles of sawtooth signal 
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are employed, the spot, after tracing out one resonance 
curve, returns to its starting position to trace out the 
curve once more, During the first half-cycle of capaci- 
tor rotation, or from time a to b on curve (B), the 
complete resonance curve of part (A) is swept from 
d to e. During this time the first cycle of sawtooth wave 
of part (C) is active, which means that the complete 
resonance curve appears on the screen. This is indi- 
cated in part (D) of the drawing by the solid curve 
traced out from j to k. During the latter half-cycle of 
capacitor rotation, the triangular wave of (B) goes 
from time b to c, which means that the f-m signal 
sweeps across the tuned circuit again but from e to d 
оп the resonance curve of part (A). Since the second 
cycle of sawtooth starts out from the same spot as the 
first cycle, the resonance curve is traced out again but 
this time in the opposite sense, This means that the 
curve that results during this latter cycle of sawtooth 
Operation is traced out from j to k as indicated by the 
dashed curve in part (D) of the drawing. 








Fig. 16.21,— Oxcilogram of an 
‘unsymmetrical resonance curve 
proving the analyses of Fig. 16-20. 








The photograph of Fig. 16-21 is a typical oscillo- 
gram proving the above analysis. From this picture the 
response in question is seen to be a double-peaked un- 
symmetrical curve. If the resonance curve that is to be 
traced out by this latter method is symmetrical, then 
only one trace would appear upon the screen. This is 80 
because both curves when reproduced upon the screen 
coincide with each other. This is shown in the two 
oscillograms of Fig. 16-22. The photograph (A) is 
that of a symmetrical single-peaked curve and (B) is 
a symmetrical double-peaked curve. 








Fig. 1622 When the carves are symmetrical, 
carve wil separ on the omen a neat wr s ig qaid 


carve of ( 


‘the double-pealced curve: 
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Fig. 16-23.—If the frequency of the sawtooth is twice the tri- 

lar wave and if the second cycle of sawtooth is made in- 
active, only single images would result but vertical lines would 
also appear as indicated here. 


If the second cycle of sawtooth sweep of Fig. 16-20C 
can be made inactive then only one resonance curve 
will appear upon the screen. The sawtooth signal will, 
therefore, only be active during the first half-cycle of 
capacitor rotation. Frequency modulation of the oscil- 
lator is taking place during the complete cycle of the 
rotating capacitor but cach spot position is related to 
only one frequency and no matter how asymmetrical 
the pattern is, only a single trace appears. However, 
this trace is also accompanied by a vertical line, which 
represents the vertical displacement during that por- 
tion of the frequency-modulating cycle when there is 
no horizontal displacement. The two photos of Fig. 
16:23 illustrate this latter method. (A) 
cal single-peaked curve while (B) 
curve that is slightly unsymmetrical. Note the vertical 
line on the right side of each oscillogram. 





Using A Modern Sweep Generator 


Let us now see how the resonance curve is traced 
‘out upon the screen of the oscilloscope when using a 
sweep generator that employs sine-wave modulation of 
the f-m signal. As mentioned before, the horizontal- 
deflection voltage should also be a sine wave and of the 
same frequency as that of the modulating signal in the 
sweep generator. With this type of system, the reso- 
nance curve is also traced out twice but the tracing is 
accomplished in such a manner that the two resonance 
curves always coincide with each other no matter what 
the shape of the curve, This, of course, is predicated 
upon the supposition that the sine-wave modulating 
signal and sine-wave horizontal-deflection signal are 
in phase. 

Let us assume that weare to observe an unsymmetri- 
cal resonance curve by the sweep-generator method, 
that the vertical input terminals of the oscilloscope are 
‘connected to a detector circuit and the sweep generator 
feeds in the proper f-m signal to the tuned circuit being 
tested. The sine-wave modulating signal of the gener- 
Mor is also fed directly to the horizontal input termi- 





nals of the oscilloscope (the internal sawtooth sweep 
of the oscilloscope is not being used). In order to best 
understand how the pattern is traced, we will study 
First of all it should be remembered that it is the 
amplitude of the modulating signal that determines the 
amount of frequency deviation of the f-m signal inside 
the sweep generator. Thus, at the positive peaks of the 
modulating sine wave the instantaneous frequency of 
the f-m signal is a maximum and at the negative peaks 
itis a minimum. In the following analysis we will con- 
sider the sine wave as starting out at the negative peak. 
In Fig. 16-24 part (A) represents one cycle of this 
sine wave and part (B) is the unsymmetrical reso- 
nance curve of the tuned circuit. During the time that 
the sine wave at (A) increases from a negative maxi- 
mum at a to a positive maximum at b the frequency of 
the f-m wave increases from a minimum to a maximum, 
which means that the resonance curve of (B) is swept 
through once, from time d to e. During the latter half- 
cycle of the sine wave at (A), from time b to c, the 
resonance curve is traced out again, but this time the 
curve is traced from time e to d because the f-m signal 
is decreasing in frequency from a maximum to a mini- 
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Fig. 16-24—Graphical analysis of how an unsymmetrical 
resonance curve is produced using a modern sweep generator, 


‘The sine wave at (C) in Fig. 16-24 represents the 
horizontal sweep voltage of the oscilloscope and the 
pattern at (D) the reproduced resonance curve. Note 
that itis in phase with, and equal in frequency to, that 
of part (A). From time f to g, the sine wave at (C) is 
increasing in amplitude from a maximum negative 
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voltage to a maximum positive voltage. Considering 
the action of this part of the signal alone and with no 
signal on the vertical plates, the spot would trace 
horizontal line across the screen from left to right. 
‘With the vertical input signal applied, which is the 
resonance curve of part (B), the action of both deflec- 
tion fields upon the beam is such that it causes the spot 
to trace out the resonance curve on the screen from j 
tok, meee iD) tbe en 

Since the horizontal sweep voltage is sinusoidal, 
when considering the action of this signal at (C) alone, 
the spot sweeps back across the screen from right to 
left during time g to h. During this time, the f-m sig- 
nal is also sweeping across the resonance curve of part 
(B) from right to left, that is, from time ¢ to d. Conse- 
quently, when both signals (B) and (C) are active on 
the beam, the spot traces out the resonance curve on 
the screen from k to j of part (D). In this case the sec- 
‘ond resonance curve will exactly coincide with the first 
‘and only one pattern will be seen. 


Fig. 16-25.—An oscillogrm of. 
an unsymmetrical resonance 
Curve produced by a modern 
‘sweep generator. 





From the above analysis, one can readily see how 
much simpler it is to observe a resonance curve by this 
method than by the wobbulator method. In Fig. 16-25 
nan oscillogram of an unsymmetrical resonance curve 
that has been obtained by the use of the method just 
outlined. Note that only one trace appears upon the 
screen. 


Phase Control in Visual Alignment 


In the analysis just completed, the sine-wave modu- 

lating signal of the sweep generator was considered to 

be in phase with the sine wave used as the horizontal- 

deflection voltage for the oscilloscope. As mentioned, 

this is necessary in order that the two resonance curves 
ade 


By the time that the sine-wave sweep reaches the 
horizontal-defection plates of the oscilloscope there 
will be numerous circuit components (resistors, capaci- 
tors, and inductors) that will cause phase changes in 
this signal. Consequently we see that it is almost im- 
possible to have the two sine waves in phase with each 
other unless some special circuit is incorporated to 


remedy any undesired phase changes, When there is a 
phase difference between these two sine waves, instead 
of a single resonance curve appearing upon the screen, 
‘two will be seen. Both patterns will normally have the 
same shape. The amount of phase difference deter- 
mines the separation between them. In effect one pat- 
tern appears to be the shadow of the other, 





In Fig. 16-26 we have illustrated two double-image 
drawings of resonance curves caused by the above con- 
dition, One trace of each double image is drawn dashed 
in order to distinguish it from the other. The drawing 
for part (A) is for a single-peaked resonance curve, 
For this particular case, the sine-wave modulating sig- 
nal in the generator was leading the sine wave at the 
horizontal plates of the oscilloscope by a small amount, 
Solid-line curve a is traced out first and the dashed 
curve b is the return trace. Part (B) of Fig. 16-26 
illustrates a double-image of a double-peaked reso- 
nance curve produced when the wave in the sweep gen- 
erator was lagging the sine-wave deflection voltage of 
the oscilloscope. Curve ¢ in this drawing is traced out 
first and dashed curve d is traced out on the return 
trace. 

It is the special phasing control that is incorporated 
in most sweep generators that corrects for this differ- 
cence in phase and makes the two curves coincide. The 
phasing control circuits used in the different sweep 
ризм asl; EC cci (This can be seen 
from examination of the sweep-generator schematics 
of Figs. 14-33, 14-40, and 14-42 in Chapter 14.) In 
Fig. 16-27 is a simplified form of one of these R-C cir- 
cuits. The 60-cps sinusoidal modulating voltage is 
‘usually obtained from the secondary of some filament 


ground connections between the units mede. Let is. 
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Fig. 16-27—Simplified form of the R-C network wsed in 
‘sweep generators for phase control. 


briefly analyze how this simple unit will make the two 
sine waves in phase and produce a single trace pattern. 

Let us assume that the sine-wave modulating signal 
as obtained from the high side of the filament trans- 
former has a certain phase angle due to the impedances 
in its circuit. The same source of sine-wave voltage is, 
as we already know, also used for the horizontal-deflec- 
tion voltage of the oscilloscope. The impedance in the 
path of this deflection voltage is the sum of the imped- 
ances offered by the horizontal amplifier system of the 
oscilloscope plus the impedance of the combination of. 
Cand R in Fig. 16-27. This total impedance imparts a 
certain phase angle to the deflection voltage when ap- 
plied to the horizontal-deflection plates of the oscillo- 
scope. 

It is seldom possible that these two circuit imped- 
ances, the one in the path of the generator’s modulat- 
ing sine wave and the one in the path of the oscillo- 
acope's deflection sine wave (neglecting C and R), 
impart the same phase angle to their respective sine 
waves. This means that, in normal operation, the sine- 
wave modulating signal will not be in phase with the 
sine-wave deflection signal, and hence a double image 
will result. The phase angle produced by any imped- 
ance is dependent upon its ratio of reactance to re- 
sistance, Then if either of these can be changed, the 
phase angle can likewise be changed, as well as the 
total impedance. In the drawing of Fig. 16-27, resistor 
R is made variable so that the impedance and hence 
phase angle produced in the sine-wave deflection volt- 
age can be varied. 

In the process of alignment, potentiometer R of Fig. 
16-27, which is the phasing control on the sweep gen- 
erator, is adjusted until the double-image pattern on 
the screen appears as a single trace, When this occurs, 
both sine waves are in phase. Sometimes both images 
cannot be made to completely coincide. If this occurs, 
it is usually not due to any defect in the phase adjust- 
‘ment but to some other factor. The f-m signal output 


from the sweep generator may be distorted, the sine- 
‘wave modulating signal when finally applied to the f-m 
oscillator of the sweep generator may become distorted, 
or the horizontal amplifiers of the oscilloscope may dis- 
tort the sine-wave deflection voltage. If variation of the 
phasing control cannot make the two images coincide 
at all, reversal of the resistance and capacitance as 
shown in Fig. 16-28 will usually correct this situation, 

TO FM 

C. CIRCUIT 
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Fig. 16.28—If the variation of R in Fig. 16-27 does not make 
the two images coincide, then reversal of R and C, 
here, is necessary. 


If the oscilloscope used obtains its horizontal sine- 
wave deflection voltage from 





diagram arrangement of this 
was indicated in Fig. 16-1C. The schematic arrange- 
ment is shown in Fig. 16-29. All that is required is a 
simple R-C phase-shifting network, The capacitor is 
connected across the horizontal input terminals of the 
oscilloscope, and the variable resistor is connected in 
series with the high side of the horizontal terminals. 
The other connections are as indicated in the drawing. 

Since the amount of phase shift that may have to be 
corrected for will vary with the different instruments. 
used and the circuits being aligned, the values of C and 
R are not always the same, Sometimes R may equal 
100,000 ohms and C equals 0.0025 to 0.25 microfarads 
or R may equal 50,000 ohms and C equals 0.05 to 0.25 
microfarads. If the connection illustrated in Fig, 16-29 


to hook one up. The block di 
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does not produce the correct direction of phase shift, 
then the resistor and capacitor should be interchanged. 


Marker Indication 


Now that we have a basic idea of how the pattern is 
traced out on the oscilloscope, we are ready to analyze 
how a marker indication can be made on a response 
curve. The production of a marker point in visual- 
alignment practice is based upon the principle of heter- 
odyning. To understand properly how the marker sig- 
nal is produced and the nature of the marker indica- 
tions, itis best to review some of the basic principles 
involved in the process of heterodyning. This hetero- 
dyne operation is also referred to as mixing, frequency 
conversion, or beating. 


Mixing Two Unmodulated RF Signals 


If two unmodulated r-f sine waves are mixed to- 
gether in a heterodyne diode detector, the output from 
this detector will contain various signals. Among these 
are output signals having frequencies equal to those of 
the input waves and also those of the sum and differ- 
ence frequencies of the two input signals. In most 
heterodyne diode detectors, it is the difference fre- 
quency, often referred to as the beat note, which is the 
one that is usually desired. If the frequencies of the 
two input signals in question are 1,000 and 1050 ke, 
the resultant difference frequency will be equal to 50 ke 
and will have an amplitude equal to, or somewhat 
‘smaller than, that of the smaller amplitude input signal. 
If the output of this detector is fed into the vertical 
amplifier of an oscilloscope (using the internal sa 
tooth sweep of the oscilloscope as the horizontal-de- 
flection voltage) a sine-wave pattern will be observed 
on the screen. A block-diagram arrangement for this 
is shown in Fig. 16-30. 


[= 
Ей 


aa‏ ا ا 









FM.AOKC то вокс 


Fig, 16-31.—When an f-m and an unmodulated r-f signal are 
mixed in the diode detector, an f-m output signal will result. 


Let us advance one step further in this heterodyne 
analysis and substitute an f-m signal, which is varying 
in frequency from 990 ke to 1,010 ke (a peak-to-peak 
frequency deviation of 20 ke), in place of the unmodu- 
lated 1,000-kc signal. The block-diagram arrangement 
for this appears in Fig. 16-31. When an f-m signal and 
an unmodulated r-f signal are mixed together in a 
heterodyne detector, the difference frequency signal 
output will always be an f-m signal. This resulting f-m 
signal will have the same total deviation as the input 
fem signal, namely, 20 kc, but will have a center fre- 
quency equal to the difference between the unmodu- 
lated r-f signal and the center frequency of the input 
f-m signal. Thus, the resulting f-m signal output will 
be varying in frequency 10 kc on either side of a mean 
frequency of 50 kc or from 40 kc to 60 kc. When ap- 
plied to the vertical input terminals of an oscilloscope 
the pattern that will appear will be f.m. The alternate 
spreading and bunching of the cycles of this signal will 
be seen if the frequency of the linear sweep of the 
‘oscilloscope is low enough (about 2 to 3 ke) to allow 
‘enough cycles to appear on the screen. Of course, the 
larger the screen size, the easier will be the examina- 
tion of the f-m wave. 


Mizing F-M and Unmodulated Signals 


Let us now change the frequency of the unmodulated 
rf signal from 1,050 kc to 1,000 ke’ but keep the f-m 
signal input at the same frequency and see what hap- 
pens. Since we are again mixing an f-m and an un- 
‘modulated r-f signal, the resulting difference frequency 
‘signal output from the diode detector will likewise be 
an fm wave. The frequency and general appearance of 
this output f-m signal is, however, somewhat different 
from that resulting from the previous mixing process. 
Since the frequency of the unmodulated signal is the 
same as the center frequency of the input f-m wave, the 
instantaneous frequency difference between the two 
signals at this point will be zero (Le., there will be a 
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zero beat), and for the extreme points of the resultant 
f-m wave, the frequency difference will be the same, 
namely 10 kc. In other words, as the input f-m wave 
swings from 990 kc to 1,000 kc to 1,010 ke, the result- 
ing beat signal will be varying in frequency from 10 ke 
to 0 to 10 ke. This is indicated in the drawing of Fig. 
16-32. 





Fig, 16:32——Beating an f-m and an unmodulated r-f signal 
коба: гш output їй а er star [reque 


This method of heterodyning is an interesting phe- 
nomenon in that during the process of mixing, at one 
particular point there will be no output from the de- 
tector, This occurs when the instantaneous frequency 
of the f-m input signal is equal to that of the unmodu- 
lated input signal. In the case under discussion, it oc- 
curs at the center frequency of the f-m signal. The 
resulting f-m signal output, an exaggerated drawing 
of which is shown in Fig. 16-32, is so arranged that it 
will be bunched at the ends and spread in the center. 
The degree of spread in this case is much wider than at 
the minimum frequency point for the f-m wave output 
ot Fig. 16-31. This is so because the point of maximum. 
spread for the situation of Fig. 16-32 is supposed to 
represent zero frequency output; that is, zero beat 
occurs at this point. 

If this signal output were fed to an oscilloscope with 
a sawtooth horizontal sweep, it would appear as a con- 
tinuous f-m wave. The point of zero frequency output 
is not perfectly defined. This point is indicated by a dot. 
оп ће wave in the drawing of Fig. 16-32. The differ- 
ence frequency heterodyne signal output in each of the 
above cases would, when using the sawtooth sweep of 
the oscilloscope, appear as indicated in the three pre- 
vious drawings. Each wave would be approximately 
‘constant in amplitude. Let us now consider a change in 
the arrangement of Fig. 16-32 by using the sine-wave 
modulating signal of the sweep generator as the hori- 
zontal-deflection voltage for the oscilloscope. The new 
arrangement is illustrated in Fig 16-33A. The hori- 
zontal input selector switch of the oscilloscope is turned 
to the point where the sawtooth time-base generator of 








the unit is not used and the horizontal input terminals 
are connected directly to the input of the horizontal 
amplifiers. The output from the diode detector is still 
fed to the vertical amplifiers of the oscilloscope. 

‘The signal output from the detector will have the 
same shape as that in the previous case. It will be con- 
stant in amplitude, bunched at the ends, and spread in 
the center. By the use of a sine-wave signal for hori- 
zontal deflection, the vertical-deflection input voltage 
will be traced out on the oscilloscope screen as shown 
in Fig. 16-33A. The bunching at the ends and spread- 
ing at the center will still exist. However, although it 
may not be readily evident, the variation in frequency 
will be linear this time, whereas the variation was non- 
linear with the sawtooth sweep. 





Frequency Response of Oscilloscope 

With these basic factors undersood, let us now 
change the frequencies of both detector input signals 
of Fig. 16-33A. If the unmodulated signal is changed 
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to 10.7 Me (which is the if. of many f-m receivers) 
and the f-m signal to 10.4 to 11.0 Me, the resulting f-m 
signal output from the detector will now vary in fre- 
quency from 300 kc to 0 to 300 kc as shown in Fig. 
16-33B. This new f-m signal output from the detector 
is generally of the same shape as that indicated in Fig. 
16-33A, that is, of constant amplitude with bunching 
at the ends and spreading at the center, but its fre- 
quency will be different. The frequency response of the 
vertical amplifiers of the oscilloscope actually deter- 
mines how much of the pattern will appear on the 
screen. 

if the upper limit of the frequency response of these 
amplifiers is always higher than the highest instanta- 
neous frequency of the input f-m signal, the complete 
f-m wave will always appear on the screen. Thus, for 
the example cited above, if the vertical amplifiers have 
a response of about 300 ke, the pattern that will appear 
on the oscilloscope is as shown in part (A) of Fig. 
16-34. Points a indicate the maximum instantaneous 
frequency of the f-m beat signal (300 kc) and b repre- 
sents the point of zero beat. For a particular setting of. 
the horizontal-amplifier gain control, the distance be- 
tween points а-а із ёце to the horizontal-deflection 
voltage. Since this signal is the same sine wave as the 
modulating signal of the sweep generator, the distance 
-0 is also said to represent the peak-to-peak frequency 
swing of the f-m signal, which in this particular ex- 
ample is 600 kc between point b and either point a the 
instantaneous frequency of the f-m signal increases 
from zero to a maximum of 300 kc. 

Let us assume that we can decrease the vertical re- 
sponse of the oscilloscope or employ units that have a 
lower vertical response than that used to reproduce the 
pattern of Fig. 16-34A. First, assume the new response 
to have an upper limit of 200 ke. This means that not 
all of the f-m beat signal will be reproduced because 
its maximum frequency is greater than that of the ver- 
tical amplifier’s response. The pattern that will appear 
оп the screen will be similar to that shown in part (B) 
of Fig. 16-34. Since the oscilloscope will pass a maxi- 
mum frequency 6f only 200 kc, those input signal fre- 
quencies between 200 and 300 ke will not be passed by 
the amplifier, and hence will not cause any vertical de- 
flection. Consequently only the horizontal-defection. 
voltage is effective during the times the signal is be- 
tween 200 and 300 kc and that is the reason why the 
pattern, between points a-c and c-a, is just a horizontal. 
line. The remainder of the pattern is such that the fre- 
quency of the f-m wave at points ¢ is about 200 ke and 
decreases to zero at point b. 
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16-34—When the vertical amplifier response includes 
the! instantaneous ‘of the f-m signal, the entire 
igra] will appear on the ‘as shown in (A), As the 


Jess of the signal will appear, as shown in 


is reduced, 
(B), (C), and (D), respectively. 


Now let us change the vertical frequency response. 
of the oscilloscope to a maximum of 100 ke. The pat- 
tern that results is shown in part (C) of Fig. 16-34, 
Less of the f-m signal is reproduced and you will note 
an increase in the length of the horizontal lines, Points 
d in the drawing represent the instantaneous frequency 
of 100 ke; frequencies above 100 kc will not be passed 
by the vertical amplifier. If the vertical response is re- 
duced to a maximum of only 50 ke, then the resulting 
pattern appears as shown in part (D) of Fig. 16-34 
where points e represent the 50-kc instantaneous fre- 
‘quency of the f-m signal. All the drawings of Fig. 16-34 
ате not drawn to scale and are somewhat exaggerated 
solely for illustrative purposes. 

From the above analysis, we see that the greater the 
ratio between the maximum instantaneous frequency 
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of the f-m input signal and the upper-frequency limit 
of the oscilloscope's vertical amplifiers, the smaller will 
be the fraction of the reproduced f-m signal. On the 
other hand, if the ratio is unity or less, the complete 
fem beat signal will be reproduced and it will occupy 
the entire trace. The reproduction of the beat signals 
on the oscilloscope, in the manner indicated by the pre- 
vious drawings, is, of course, predicated upon the as- 
sumption that there is sufficient amplification of the 
vertical input signal to cause appreciable deflection 
without overloading. 


Beat Signal as a Marker 


From what has been said thus far, we can see that 
if the beat signal is made sharper and sharper, in the 
manner of Fig. 16-34, it can be used as a marker to 
check the sweep width of the f-m signal generator. This 
can be done by simply varying the frequency of the 
generator producing the unmodulated r-f signal and 
noting at which frequencies the marker pip reaches the 
ends of the trace. These frequencies mark the upper 
and lower limits of the sweep width. If, for a given 
oscilloscope, the reproduced f-m beat signal is not 
sharp, then by inserting a suitable capacitor across the 
vertical input terminals, the signal may be made sharp 
enough to be used as a marker. What happens is that 
the capacitor bypasses to ground the high-frequency 
components of the beat signal. It should be remem- 
bered that these high-frequency components occupy the 
extreme ends of the beat pattern, and as we progress 
nearer the center of the signal, the frequencies of the 
components decrease. 

Let us assume an arrangement similar to Fig. 16-33, 
but where the sweep generator is sweeping from 20 to 
30 Mc and the unmodulated signal is 27 Mc. The re- 
sultant f-m beat note output from the detector will vary 
from 7 Mc to zero beat, then to 3 Mc. Without the f-m 
beat signal applied to the vertical terminals, a hori- 
zontal straight line will appear on the oscilloscope, the 
extreme ends of which represent the 20- to 30-Mc 
width of the sweep generator's output signal. With the 
f-m beat signal applied to the vertical plates, the zero- 
frequency beat note will appear at the 27-Mc point on. 
the horizontal trace. How many of the other frequen- 
les of the beat note appear depends upon the frequency 
range of the oscilloscope's vertical amplifers. 

In Fig. 16-35 is an analysis similar to that of Fig. 
16-54 but based upon the frequencies just mentioned. 
(A sweep width of 20 to 30 Mc is generally employed 
in television receiver if alignment.) Part (A) illus- 
trates the horizontal straight line that appears when 
only the horizontal-deflection voltage is present. The 
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Fig. 16-35.— This is analogous to Fig. 16-3, but it is based 
upon television rather than f-m frequencies. 


20- and 30-Mc markings indicate the extreme fre- 
‘quencies of the output of the sweep generator. When 
an oscilloscope with a vertical-amplifier high-fre- 
quency response of $ Mc is used and the f-m beat note 
is applied, the resultant pattern will appear as shown 
in part (B). Since the maximum response is 5 Mc, the 
oscilloscope cuts off at this frequency and beat-note 
components higher than this cannot be reproduced. 
When the vertical response of the oscilloscope has 
upper limits of 1 Mc and 100 kc, the respective patterns 
of parts (C) and (D) result. Note how sharp the beat 
note is in part (D). It appears practically as a vertical 
line intersecting the horizontal line. This is what is 
ideally desired when utilizing an unmodulated signal 
asa marker. 





Marker As Used in Alignment 

Marker signals find their greatest use in checking 
frequency points in wide-band resonance curves. Thus 
they find extensive use in television receiver alignment. 
‘They are also employed in visual alignment of f-m re- 
ceivers but not to the same extent as they are in tele- 
vision, Marker signals are seldom used in a-m receiver 
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alignment except perhaps in high-fidelity receivers that 
have double- or triple-peaked response curves. 

In Fig. 16-36 are six different types of response 
‘curves with small vertical lines indicating points that 
may be checked by marker signals. Parts (A), (B), 
and (C) are symmetrical curves whereas (D), (E), 
and (F) are unsymmetrical. In all curves it is usually 
desired to check the frequency limits of the response. 
‘These are indicated by the vertical marks on the ex- 
treme ends of the curves. Aside from these points, the 
peaks and troughs of symmetrical and unsymmetrical 
response curves are also often checked. 


P dr 


(a) (в) ©) 


Fig. 16-36. — Six different response curves, with possible 
marl бш уаш бене m 





Curve (A) is a symmetrical single-peaked response 
that may be found in various types of receivers. Double- 
peaked curves (B) and (E) are those usually encoun- 
tered in overcoupled stages. Curve (C) isa typical "S" 
shaped characteristic as found in ratio detector or dis- 
criminator stages of f-m receivers, and f-m sound sec- 
tions of television receivers. The center marker is used 
to identify the resonant frequency of the discriminator 
transformer. Curve (D) can represent a typical asym- 
metrical single-peaked response of an i-{ transformer 
in stagger-tuned systems. The response of part (F) 
is the ideal over-all video i-f response curve of tele- 
sion receivers. This curve is the most important one 
in which marker signals are used because its frequency 
versus amplitude response must be fairly accurate. The 





end markers are not only used to identify frequency 
limits of the curve but also to indicate certain trap fre- 
quencies. All the other marker points are equally im- 
portant. This will all be obvious in the later section of 
this chapter specifically dealing with television receiver 
visual alignment. 

The block diagram of Fig. 16-37 illustrates how 
marker signals are used in visual alignment of tuned 
circuits. The only difference between this drawing and 
that of Fig. 16-33 is the insertion of a tuned amplifier 
system between the diode detector and the output of the 
generators. This new block may represent one or more 
tuned amplifier stages. 

In the drawing the marker signal and f-m sweep 
signal are indicated as being fed to the same input 
point. If the marker generator and sweep generator are 
part of the same unit such a setup always exists nor- 
mally but where the marker signal can be used inde- 
pendently, its exact feed-in point may be different from 
that indicated. Since more than one tuned stage may 
be used, the marker signal may be fed at any one of a 
number of places, besides the sweep signal input feed 
point. Whatever the case may be, there are two im- 
portant considerations to bear in mind when using 
marker signals. First it is important that the coupling 
between the output of the marker generator and the 
point of its insertion in the system to be aligned be 
loose enough so as not to cause any undesired inter- 
action between the marker generator and the f-m sweep 
generator. Second it is important not to use too much 
marker-signal output as this may overload the ampli- 
fiers and hence distort the alignment curve, Its output 
voltage should be controlled during the entire process 
of alignment. 

When the f-m input signal sweeps over the tuned 
circuit, or circuits, under alignment, a response curve 
is traced out on the screen of the oscilloscope. This 
curve, as we already know, is an indication of ampli- 
tude versus frequency with frequency represented 
along the horizontal axis. It is often desirable to find 
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out what the response is at one or more specific fre- 
quencies so as to check whether or not the tuned system 
is properly aligned and if it has the proper bandwidth. 
With the correct marker signal inserted, a marker 
point will appear somewhere along the curve. The 
marker generator, which is usually an accurately cali- 
brated system, determines the frequency of the point 
on the curve where the marker pip appears. The 
sharper the pip the more accurately the point is deter- 
mined. The curve on the oscilloscope of Fig. 16-37 
illustrates an over-all video i-f response with a marker 
indication midway along the right slope of the curve. 


VISUAL-ALIGNMENT TECHNIQUES 


In order to reproduce the proper resonance curve 
on the oscilloscope there are a number of important 
things that should be known about the process of visual 
alignment. In this section we shall discuss the correct 
use of the sweep generator, oscilloscope, and marker 
generator to produce correct alignment patterns. Some 
common alignment difficulties will also be included. 
Before we go into the actual use of the equipment, we 
will start this section with some general remarks on 
alignment. 


General Alignment Notes 


Prior to the process of actual alignment, there are 
certain receiver adjustments that should be made in 
order to insure correct alignment. These prealignment 
adjustments usually mean special settings of the dif- 
ferent controls on the receiver. In the discussion that 
follows, on actual a-m, f-m, and television receiver 
alignment procedures, the required prealignment ad- 
justments will be mentioned. These adjustments will 
not always be the same for each type of receiver be- 
cause of varying design features. Whatever the case 
may be, it is always advisable to follow the individual 
manufacturer's preadjustment settings, if any are 
given. 

When manufacturer's visual-alignment instructions 
are supplied, these instructions follow a specific se- 
quence. It is our suggestion that this sequence be fol- 
lowed whenever possible because the manufacturer 
knows his receiver best. However, in the absence of 
such data it is suggested that the following visual- 
alignment sequence be followed for each particular type 
of receiver. In all of the following cases, when align- 
ment of the i-f sections is mentioned, the i-f stages 
should be aligned starting with the last stage first and 
working backward toward the first stage. 


1. For a-m receivers the procedure is simple ; the i-f 
tages are aligned first, the oscillator section next, and 
finally the r-f section. 

2. In f-m receivers the detector transformer should 
be aligned first. The limiter stages should be aligned 
next, starting with the last limiter stage, if more than 
one limiter is used. The i-f system is then to be aligned, 
followed by the oscillator and r-{ sections of the re- 
ceiver. 

3. For television receivers a different sequence of 
operations is used because of the numerous tuned cir- 
cuits. The f-m sound section is aligned first; the de- 
tector, limiter, and i-f stages are aligned in that order, 
Trap circuits, if any are employed, are aligned next. 
The remainder of the alignment sequence is as follows: 
video i-f, oscillator, and finally the r-f stages of the 
receiver. 

Care should always be taken that the sweep gener- 
ator, and marker generator if one is used, be loosely 
coupled to the input circuit of the receiver under test, 
This is necessary in order to prevent possible over- 
loading, regeneration, or oscillation. 

The response curve as seen on the oscilloscope may 
appear upright or inverted. The polarity of the pattern 
does not alter the presentation of facts ; either pattern 
is equally useful. However, for the sake of illustration, 
wherever possible in the remainder of the chapter, 
alignment patterns will be shown where the curve ap- 
Dears upright. 

It is always advisable to have a set of insulated align- 
ment tools; if possible all tools should be made com- 
pletely of some plastic or fiber material, although there 
are some cases where metallic screwdrivers may be 
used for aligning certain r-f and i-f circuits. Since the 
size of the holes or the space available through which 
the adjustment is to be made may vary considerably, it 
is suggested that the serviceman's set of alignment tools. 
be of various sizes both in length and diameter. 





In order to understand some of the techniques in- 
volved in the use of the sweep generator in conjunction ' 
with the oscilloscope, we have made a simple drawing 
of a typical hookup, in Fig. 16-38. This circuit may be 
representative of part of the i-f system of апу type of 
receiver. In this circuit, tubes 1 and V2 are ampli- 
fiers, tube V3 is the detector or some rectifying system 
within the receiver, and TI and TZ are i- transformers 
resonant to the same frequency. An f-m signal gener- 
ator is schematized in the drawing. Only those parts. 
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of the circuit that are considered important are illus- 
trated. No controls are shown on the sweep generator 
because of the wide variety of names and positions of 
these controls, Only the two essential terminal connec- 
tions are shown. Common ground connections between 
the sweep generator, receiver, and oscilloscope are 
made. 





Fig. 16-38.—Block diagram illustrating the use of the sweep 


generator in conjunction with theoscilloscope for visa align- 


Let us assume that each i-f transformer has a single- 
peaked resonance curve and that itis desired to align. 
transformer 72 first. The f-m signal output terminals 
of the sweep generator should be loosely coupled to the 
grid input of amplifier V2. If it were fed to V1 the 
resonance curve appearing on the screen of the oscillo- 
‘scope would be the combination of the resonance curves 
of T1 and T2 and not that of T2 alone, The vertical 
terminal of the oscilloscope is connected across part of. 
the detector load. 

‘The modulating (sine-wave) signal output from the 
sweep generator (which we have labeled HOR. 
SWEEP) should be'connected to the high side of the 
horizontal input terminals of the oscilloscope. The 
voltage output control of the f-m sweep is adjusted to 
the minimum voltage that will produce a satisfactory 
pattern, without any attenuation in the oscilloscope. 
‘This minimum f-m signal voltage output is to insure 
against overlohding of the i-f stages being aligned. The 
gain controls of the horizontal and vertical amplifiers 
of the oscilloscope are adjusted to produce a response 
curve that will satisfactorily fill the screen. 


‘The sweep-width control should be adjusted so that 
the complete resonance curve appears on the oscillo- 
scope. In visual alignment the amount of deviation of 
the [-m signal output from the generator determines 
how much of the resonance curve will appear on the 
screen of the oscilloscope. It is important that the 
amount of deviation used is always greater than the 
ba xdwidth of the tuned circuit. This is necessary in 
order to see the complete resonance curve, including 
the parts beyond the skirts of the curve. Some sweep 
generators are unable to produce sufficient deviation to 
make visible very much of certain response curves. 
This need not prevent alignment if one can obtain 
tll the necessary information from that part of the 
curve which does appear. 

In order to see how the amount of frequency devia- 
tion affects the reproduced response curve let us ex- 

i 16-39. The four oscillograms that appear. 
in this figure depict the response of a typical single- 
peaked wide-band i-f system of an f-m receiver under 


Fig. 1639.—Iliustrating the effect of the amount of fre- 
quency deviation on the appearance of the reproduced response 
curve. 





different settings of the sweep generator's sweep-width 
control. The dots appearing on the curves were in- 
serted for the sake of illustration. For part (A) the 
peak-to-peak deviation employed was 600 kc, more 
than sufficient to see the complete response curve, in- 
cluding the parts beyond the skirts or sides of the curve. 
In part (B) a total deviation of 450 ke was used, which 
was still sufficient to obtain a complete curve. In parts 
(C) and (D) the total deviation used was 300 ke and 
200 kc respectively. From these latter two curves we 
sce that if the amount of deviation used is not sufficient, 
only part of the resonance curve will appear on the 
oscilloscope. 

In Fig. 16-40 the two patterns illustrate another case 
of insufficient sweep width. The patterns represent an 
over-all video i-f response. The pattern at (A) was 
produced when the sweep width was not sufficient. 
Note how important parts of the curve are omitted, 
when (A) is compared with (B). Once the desired 
amount of deviation is set by the sweep-width control 
on the sweep generator, the tuned circuit should then 
be ready for alignment. ? 


VISUAL ALIGNMENT OF A-M. F-M. AND TELEVISION RECEIVERS 589 


а: 


(А) 
INSUFFICIENT SWEEP WIDTH 


(в) 
SUFFICIENT SWEEP WIDTH 


Fig, 16-40.—Another example of the effect of deviation on a 
response curve. 


The center frequency setting is quite important, es- 
pecially if the sweep width used is just about equal to 
the bandwidth of the tuned system under alignment. If 
the center frequency adjustment is too far off, either 
side of the response curve may not be reproduced. 
Refer to Fig. 16-41, The four patterns in this drawing 
represent those of an over-all video i-f response. The 
sweep-width control of the sweep generator is adjusted 
to approximately 10 Me as is indicated by the two 
dashed vertical lines on the side of each drawing. The 
dotted line between the two dashed lines indicates the 
center of the response curve. Cases (A) and (B) indi- 
ate two conditions where the center frequency adjust- 
ment control, although slightly off the center frequency 
of the response, stil enables the complete curve to be 
seen. In parts (C) and (D) a different situation exists. 
The frequency adjustment was too far off and only 
part of the curve appears. In (C) the center frequency 
adjustment was too high, and part of the right side of 
the curve was not reproduced; in (D) the center fre- 
quency was too low and the left side of the curve was 
not reproduced. 

If the resulting pattern appears as a double image 
the phasing control on the sweep generator should be 
adjusted as best possible to produce a single-line re- 
sponse trace, 

Once transformer 72 of Fig. 16-38 is aligned, the 
f-m output cable of the sweep generator should be con- 
nected to the grid of 1 for alignment of transformer 
T1. Now, the combined response of 77 and T2 appears. 
оп фе oscilloscope. What was said before about manip- 
ulation of the controls on the sweep generator applies 
here too. Transformer T2 is then adjusted to produce 


the desired response curve on the oscilloscope. If the 
response of TI alone is desired, a probe detector can 
be used. This means that the vertical terminals of the 
oscilloscope have to be disconnected from the detector 
of the receiver and the proper end of the probe con- 
nected to these terminals. The ground side of the other 
end of the probe is connected to any ground of the cir- 
cuit and the high side is connected to either the grid or 
plate of 2. In this manner only the response of 71 
will appear upon the oscilloscope. If the probe is con- 
nected to the grid of V care should be taken that it. 
does not appreciably load the secondary of 71, as this. 
will cause a false response curve to appear. 








Fig. 16-41—How the setting of the center freq 

qid ree generar ay e paris d die epee 
Siaced response curve. 

Varying the Marker Output 


When a marker generator is used in which the out- 
put signal is obtained from a cable other than that of 
the f-m sweep output signal, this cable should be loosely 
coupled to the desired part of the circuit. When this 
marker signal is to be injected into the same part of the 
circuit as the f-m sweep signal both signals should be 
loosely coupled to the circuit in question. If the marker 
signal and f-m sweep signal appear at the same termi- 
nal ina combined type of generator there is no problem. 
of marker signal insertion ; itis automatically inserted 
at the same phase as the f-m signal. 

Once the choice of the marker frequency is made, the 
marker amplitude control should be properly adjusted 
to produce the correct marker size. We previously men- 
tioned that the output of the marker generator should 
not be too great as this may overload the tuned ampli- 
fier being aligned, At the same time the output of the 
generator should not be too small as this may not pro- 
duce any noticeable marker pip. Control of the marker 
signal amplitude should be continuously maintained 
when different frequency points of an alignment curve 
are to be checked? This is especially important where 
the response of the curve changes appreciably for these 
different frequency points. 
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For example, in a curve shaped like that of Fig. 
16-42A, assume that the responses at points a, b, and 
c are to be checked, to determine at what frequencies 
they occur. Assume that the first point checked is 
and that the output of the marker generator is adjusted 
so that it will give us a fair marker indication, as noted 
on the drawing at this point. If points b and c are to be 
checked in succession and if the output of the marker 
generator is held constant (the same as for marker a) 
the size of the marker indications will be reduced, with 
that at c smaller than that at b. This is so because the 
gain or response of the tuned amplifiers at these fre- 
quencies will be less than at a. You will note that the 
marker at c is practically nonexistent. From this anal- 
ysis we see that for the case where we are checking fre- 
quency points and proceeding from a greater response 
level to a smaller one the output of the marker gener- 
ator should be increased to allow for reasonable marker 
indications. 

Suppose we are checking frequencies from a point of 
smaller response to one of greater response. The draw- 
ing of Fig. 16-42B, which is the same curve as that of 
part (A), also indicates the same three marker points 
аз (A), point c is to be marked first. In this case the 
amplitude of the marker at c is adjusted for what is 
considered a satisfactory indication. If the amplitude 
of the marker output remains approximately the same 





but its frequency is reduced to points b and a, the, 


marker amplitude that appears will be increased in 
each case because of the increase in response at these 
frequencies, In the case under discussion the marker 
signal for the indication at a may be great enough to 
cause overload of the amplifiers, and hence distort the 
curve as indicated in the drawing of part (B). 

Both conditions of Fig. 16-42 tell us that the output. 
of the marker generator should be continuously con- 
trolled to produce a marker just sufficient to give a 
readable indication. The only method of avoiding such 
continuous control of the marker-generator output is 
to have a system whereby the marker signal is not 


passed through the tuned amplifiers being aligned. 
‘Thus it will not be subject to the response of the tuned 
circuits. Such systems have been designed ; one of these 
employs a special marker generator (see Figs. 14-34 
and 14-35 in Chapter 14), which can be used with any 
sweep generator. Only the f-m sweep signal is fed to 
the amplifiers being aligned. This f-m sweep signal is 
also fed to a special input terminal on the marker gen- 
erator. The sweep signal and marker signal beat to- 
gether inside the marker generator unit to produce the 
difference beat frequency. 

The signal output from the detector circuit of the 
receiver being aligned is also fed into the marker- 
generator unit but at a different point. This latter sig- 
nal, which represents the amplitude versus frequency 
response oí the tuned system under test, is combined 
with the f-m beat signal inside the marker generator 
and then fed to the vertical amplifier of the oscilloscope. 

Whatever type of marker generator is to be used in 
the process of visual alignment, it should meet certain 
standards to be truly useful. As mentioned, its fre- 
quency calibration must be fairly accurate and should 
remain quite stable after an initial warm-up period. 
The output should not be subject to variation in fre- 
quency when the load on the generator is changed. The 
voltage output of the generator should be susceptible 
of approximately the same degree of variation for most 
frequencies. 

One of the most important requirements of a marker 
generator is that it should be capable of covering a suit- 
able range of frequencies for the particular job for 
which it is to be used. Its most important frequency 
range is that of the if circuits in receivers; r-f ranges 
are generally secondary in importance although many 
generators are so designed that they are capable of 
both ranges. 














Some Common Alignment Difficulties. 


‘The process of visual alignment has its share of diffi- 
culties as do other methods of servicing. In this section 
we will study some resonance curves illustrating a few 
of the common faults encountered. The majority of 
pictures included in this section were taken from an 
acm superheterodyne receiver but they can, neverthe- 
less, be used as a general indication for all types of 
receivers. 


Insufficient Coupling Capacitance 
Certain forms of circuit connections between the 
‘cathode-ray oscilloscope and the source of the rectified 
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signal required for alignment introduce phase distor- 
tion of the audio signal, with the result that the reso- 
nance curve is distorted. Such distortion is very often 
introduced when the rectified signal from the receiver 
is fed to the vertical terminals of the oscilloscope 
through too small a coupling capacitor, This is usually 
the case when the vertical-deflection voltage is secured 
from the audio volume control and said control is con- 
nected to the source of the audio signal through a small 
blocking capacitor. 





Fig 16-43.—(A) 1s single-peaked normal response curve; 
(B) shows phase distortion of the same response due to in- 
sufficient coupling capacitance. 


Due to this small capacitance, the resulting align- 
ment pattern, instead of having its base upon one hori- 
zontal line has one side of the base correctly placed and 
the other side displaced below this line. This is shown 
in Fig. 16-43. Part (A) of this figure illustrates a 
normal single-peaked resonance curve whereas part 
(B) shows the resonance curve for the same circuit but 
with distortion. In the double-peaked patterns of Fig. 
164 part (A) represents the normal curve whereas 
part (B) indicates phase distortion due to insufficient 
coupling capacitance. 


© 


Fig. 16-44—Same as Fig. 16-43 except for a double-peaked 


Excessive F.M Signal 

In the description of the process of visual alignment, 
it was suggested that the strength of the f-m signal out- 
put from the sweep generator be made just great 
‘enough to produce a satisfactory pattern size on the 





Fig. 16-45. — Illustrating the 
effect of overloading the receiver 
tubes by too strong an f-m input 
signal, (A) is a normal curve, 
(B) shows overloading, and (C) 
shows increased overloading. 


oscilloscope. If the input f-m signal is too strong it may 
overload the receiver tubes and cause erroneous align- 
ment patterns. The photographs of Fig. 16-45 illus- 
trate this. In part (A) is a single-peaked resonance 
curve illustrating a proper amount of f-m signal input. 
When the f-m signal input is increased to the point of 
overloading the tubes, the alignment pattern changes 
to that illustrated in part (B). A further increase in 
f-m signal causes a greater degree of overload as shown 
by the oscillogram at (C). 

Comparison of these three curves indicates that, for 
overload conditions, the resonance curve becomes 
broader, giving a flattened wideband appearance. This 
‘occurs because the overloading causes grid current to 
flow; this effectively makes the resonant circuits 
broader and also may cause a change in the resonant 
frequency of the tuned circuits, It is interesting to note 
the relative amplitudes of these three images, bearing 
in mind that the automatic-volume-control signal was 
present in the receiver at all times. 


Regeneration. 


In some alignment situations the input signal may 
not overload the tube, but due to some circuit coupling, 





Fig. 1646— (A) is a normal response curve; (B) is the 
same curve with regeneration occurring. 
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regeneration may occur which may cause false align- 
ment patterns. For example in Fig. 16-46 oscillogram 
(A) indicates a correct alignment curve with no re- 
generation present and pattern (B) occurs when a cer- 
tain amount of regeneration is present. The regenera- 
tion in this case has distorted the right slope of the 
resonance curve, increased its amplitude, and made the 
response less broad. 





‘The effects of regeneration are also indicated by the 
patterns of Fig. 16-47, The photograph at (A) indi- 
cates the correct single-peaked symmetrical resonance 
curve. Only a minimum amount of regeneration was 
present when this curve appeared. With increased re- 
generation the resonance curve took on the shape of 
pattern (B), The increased regeneration increased the 
amplitude of the curve, made the response sharper, and 
caused the over-all shape to become asymmetrical 
Note the nick in the left slope of this curve. When the 
regeneration was increased to the point where oscilla- 
tions occurred, the resonance curve of part (C) results. 
The oscillations are evident in this photograph. 


Spurious Voltage 
In the course of alignment, undesired voltages may 
be picked up and may interfere with the resonance 
curve produced pn the oscilloscope. Such spurious volt- 
ages can be very detrimental to the interpretation of 
the alignment curve. In this section we shall study some 
resonance curves containing undesired signals. 

Ii there is insufficient r-f filtering action in the de- 
tector circuit of the receiver being tested, some of the 
carrier voltage may be picked up and fed to the verti- 
cal-deflection plates of the oscilloscope along with the 
voltage representing the response curve. A typical pat- 
tern with such interference is shown in Fig. 16-48. This 








pattern was produced when the bypass capacitors in 
the filter network of the diode detector were removed. 
The presence of the carrier voltage in this instance pro- 
duces a fuzzy effect, broadening the lines of the curve. 
It should be remembered at this point that the r.f, can 
appear only if the vertical amplifiers of the oscilloscope 
have the proper frequency response. 

The distorted alignment pattern of Fig. 16-49 is due 
to the presence of an a-m wave modulated at 400 cps 
being fed through the i-f amplifiers. This picture oc- 
curred when a 400-cps a-m switch, part of the sweep 
generator used, was turned on in addition to the f-m 





Fig. 16-49. —Response curve. 
with distortion due to the 


Mie Mi quta WAY. 
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switch. Note how this interference prevents correct 
interpretation of the alignment pattern. We cannot tell 
whether the circuit under test has a single- or a double- 
peaked response curve or if it is symmetrical or asym- 
metrical. 





If an r-f voltage within the frequency range of the 
tuned circuit being aligned finds its way into the tuned. 
circuit, it will beat against (i.e. heterodyne) the f-m 
sweep signal in the detector of the receiver, and inter- 
fere with the resultant pattern (an action similar to 
that which occurs for marker indication). The single- 
peaked resonance curve of Fig. 16-50 illustrates such a 
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condition. The frequency of the interfering r-f signal in 
this case was at the resonant frequency of the tuned cir- 
cuit being tested. This signal, in beating against the f-m 
signal, will produce a varying beat note that is the dif- 
ference frequency between the two signals. A zero beat 
note will occur at the center frequency of the tuned 
circuit whereas at other frequencies of the f-m signal, 
the beat note will be different from zero. 

Let us examine this situation a step further. Assume 
that the resonant frequency of the tuned circuit and 
also that of the interfering signal is 455 kc and that the 
input f-m sweep signal is varying between 450 and 
460 kc. This means that the resultant difference fre- 
quency beat note output from the detector of the re- 
ceiver will be varying in frequency from 5 kc to 0 and. 
then to 5 ke. If the vertical amplifers of the oscillo- 
scope have a frequency response capable of passing 
these difference frequencies, then they will appear 
superimposed upon the alignment curve with the 
higher frequency components at the far ends of the 
curve and the lower ones toward the center, with the 
zero beat note occurring at the center. This is what has 
happened in the curve of Fig. 16-50. The zero beat 
note is not very clear from this photograph but careful 
examination will reveal it 

Let us assume another interfering unmodulated r-f 
signal, this time at a frequency several kilocycles away 
from the center frequency of the f-m signal, yet within 
the same 450 to 460 ke pass-band of the tuned circuit 
in question. This interfering signal will also beat 
against the f-m signal in the detector but the zero beat 
note this time will occur somewhere along the side of 
the single-peaked curve, If a sweep generator emplóy- 
ing sine-wave sweep is used then the zero beat note will 
occur on only one side of the curve. On either side of 
this zero beat note, other beat components will exist 
which increase in frequency as we move further away 
from the zero beat note. For example let us assume that 
the interfering r-f signal is 458 kc, that the f-m signal 
sweeps 450 to 460 ke, and that the resonant frequency 
of the tuned circuit is 455 kc. This means that the re- 
sultant f-m beat note will vary from 8 ke at the low end 
of the curve (the 450-kc point) to 2 ke at the high end 








of the curve (the 460-ke point), passing through a 
zero-beat point at the 458-ke point of the curve. At the 
resonant frequency of the tuned circuit the beat com- 
ponent will be 3 ke. 

Ti a wobbulator type of sweep generator is used, the 
zero beat will appear on both slopes of the single- 
peaked curve, because of the manner in which the 
wobbulator sweep signal varies in frequency. A photo- 
graph of a single-peaked curve illustrating this condi- 
tion of interference appears in Fig. 16-51, Note the 
zero beats on both sides of the curve. 





Nonlinear Sawtooth 


There are some sweep generators that utilize a saw- 
tooth signal as the modulating voltage of the f-m signal, 
This means that with such units a phasing control is 
‘not necessary and the sawtooth time base of the oscillo- 
scope can be used as the horizontal-deflection voltage. 
If either of these sawtooth voltages is distorted, and 
hence nonlinear, a defective alignment pattern will 
result. 


ALL 
(A) NORMAL PICTURE 
(LINEAR SWEEP) 





æ DISTORTED PICTURE 
(NON-LINEAR SWEEP) 

E SE ee ee ren ee ae: 

Ye cre: (B) nie enit what happens doe to ток 


Such distortion is indicated in Fig. 16-52. Part (A) 
indicates a normal video i-f alignment curve. The 
graduated frequency marks below the curve indicate. 
the linearity of both sawtooth signals. The pattern of 
part (B) resulted when one of the sawtooth signals 
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3 RI 


B+ 


became nonlinear. The frequency marks at the bottom 
indicate that the pattern is spread out on the left and 
bunched on the right. Letters a to e are markers that 
indicate corresponding frequency points in each curve. 


VISUAL ALIGNMENT OF A-M RECEIVERS 


We are now ready to study the methods of visual 
ignment of a-m, f-m, and television receivers. While 
isual alignment of a-m receivers is not practiced to 
the same extent as it is in f-m and television receivers, 
it is important enough, especially where wide-band 
circuits are encountered, to be included in this section. 
Alignment of the r-f and i-f stages of all three types of 
receivers will be discussed. 

Visual alignment of a-m receivers will be considered 
first. Many of the general comments on alignment pro- 
cedures made in this section will also hold true for 
visual alignment of f-m and television receivers. For 
example, in each case the process of alignment will 
start at the detector and we will work backward toward 
the i-f and finally the r-f sections of the receiver. The 
types of detector circuits found in the receivers will be 
discussed first because the frequency versus amplitude 
characteristic (i.e. the response of the tuned circuits) 
appears in the output of the detector circuit and it is 
this circuit to which the vertical terminals of the oscil- 
loscope are to be connected. 








Detector Circuits 


Most a-m receivers today employ diodes as detectors. 
Triode and pentode detector circuits are also found but. 
only to a limited degree. However, in order to be com- 
plete, the two latter types will be briefly included in 
Our discussion. In Fig. 16-53 four such circuits are 
illustrated. Circuits (A) and (B) use triodes as de- 
tectors and circuits (C) and (D) employ pentodes. 
Circuits (A) and (C) use cathode bias and (B) and 
(D) use grid-leak bias. In all circuits resistor R1 rep- 
resents the load for each tube and capacitor C1 is em- 
ployed to bypass the high frequencies to ground. Point 
V in each drawing’ indicates the point to which the 
high side of the oscilloscope's vertical input terminals 
is to be connected. This point is chosen because, during 
visual alignment, the rectified and filtered output sig- 
nal, which is varying in amplitude with respect to time, 
appears across the load resistor R1. This signal output 
represents the frequency response of all the tuned cir- 
cuits through which the f-m sweep signal passes. The 
additional capacitor C3 and inductor L in Fig. 16-538 
together with cipacitor C1 form a pi-section r4 filter. 





Fig, 16-53.— Typical am detector circuits ung triodes and 
eden 


Such filters as this are not found to any great extent 
today ; itis merely included to indicate a type that does 
exist. 

Capacitor C2 in each circuit is used to couple the 
audio signal to the following stages. The vertical ter- 
minals of the oscilloscope should not be connected at 
the output of this capacitor as this may distort the 
alignment pattern if the capacitance is too small. De- 
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tector circuits such as those indicated in Fig. 16-53 
can be used in both trf and superheterodyne receivers. 
This means that the tuned circuits at the input to the 
detector will be resonant to r-f signals when used in trf 
receivers and to i-f signals when used in superhetero- 
dyne receivers. 

Let us now examine a typical diode detector circuit 
as used in practically all of the superheterodyne a-m 
receivers manufactured today. The diagram appears in 
Fig. 16-54. Although the diode is illustrated as a sepa- 
rate tube it may be part of a multipurpose tube, such as 
a diode-triode or a duo-diode. In fact the majority of 
-m receivers today employ diode-triode or diode-pen- 
tode tubes (or duo-diode triode and duo-diode pen- 
todes) where the diode section is used for detection and 
the triode ог pentode section is used as the first audio 
amplifier. Since we are only interested in the diode 
detector circuit it is shown as existing alone inside the 
single envelope, for simplicity. 

‘The double-tuned circuit in the drawing represents 
the last i- transformer of the receiver. The R1-CI-C2 
Je circuit to filter out the i-f compo- 
nent of the rectified signal. The output of this network 
is the audio signal. Components R2 and C3 constitute 
an audio filter and the output of this circuit is used as. 
an avc voltage. The potentiometer functions as the 
volume control of the receiver and C4 is used to couple 
the audio signal output to the following audio amplifier. 














ANC: 


Fig. 16-54.—Typical a-m diode detector circuit, 


Point V indicates the place where the high side of the. 
vertical input terminals of the oscilloscope is to be con- 
nected for visual alignment. The rectified output signal 
‘appears at this point. Ifthe oscilloscope is placed at the 
junction of R1 and C1 the resultant alignment pattern 
may appear fuzzy due to the presence of some i car- 
‘ler voltage. If the oscilloscope is placed to the right of 


capacitor C4 the pattern may become distorted because 
the value of C4 may not be large enough. 


IF Alignment 

Since most manufacturers list the points of the i-f 
stages that they desire the f-m sweep signal to be fed 
into (which may be closely coupled or directly con- 
nected to the grid of the amplifier preceding the i-f 
transformer to be aligned) we will not schematically 
show such points in our discussion, A block diagram 
of a typical a-m receiver will be used instead of a com- 
plete schematic circuit. In the visual alignment of the 
if stages, the oscillator tuning control can be set at the 
high end of the band in order to prevent any inter- 
ference. If oscillator interference exists then it would 
bbe wise to make the oscillator inoperative by simply 
grounding its grid circuit. This can be done by simply 
placing a jumper between the grid and ground. 





Fig. 16-55.— Block diagram of basic setup for visual align- 
ment of an a-m receiver. 


The block diagram of Fig. 16-55 illustrates a basic 
setup for visual alignment of an a-m receiver. Only the 
detector circuit and the last i- transformer are shown 
in schematic form. The oscilloscope's vertical input 
(marked V in the drawing) is connected to the detector 
load and remains there throughout the visual-align- 
ment process of the receiver. The sine-wave sweep of 
the generator (from terminal marked HOR. SWEEP 
in the drawing) is connected to the horizontal input of 
the oscilloscope (marked H in the drawing). The in- 
ternal sweep of the oscilloscope is not used. Common 
ground connections between the generator, receiver, 
and oscilloscope should be made. 
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The response of the i-f stages in the majority of a-m 
receivers is a single-peaked curve. Only in special 
cases, as in high-fidelity receivers, will it be double- 
peaked, triple-peaked, or some other shape. Double- 
tuned transformers are used in the i-f stages of most 
present-day a-m receivers. In aligning these i-f trans- 
formers the secondary is generally tuned first and the 
primary last. This is the procedure which will be re- 
ferred to here. 

‘The last i-f stage of the receiver is aligned first. The 
f-m output cable of the sweep generator is connected to 
the grid of the last i-f amplifier. The frequency control 
of the sweep generator should be set to the i.f of this 
transformer. The sweep width of the f-m signal should 
be sufficient to include the complete curve, but not too 
great or the curve may appear cramped upon the screen 
and thus the pattern will be difficult to interpret. 

If the i-f transformers all have single-peaked reso- 
nance curves, it is a simple matter to align them. In 
each case the adjustment is made so that a single- 
peaked resonance curve (usually symmetrical) of 
maximum amplitude appears on the oscilloscope. If the 
manufacturer lists the response of the transformer as 
being different from a single-peaked curve then the 
transformer should be aligned to produce the shape of 
curve suggested. 

All the i-f transformers of the receiver are aligned 
in similar fashion. The only change in the circuit hook- 
up is that in each case the sweep generator cable is 
coupled to the grid of the i4 amplifier preceding the 
stage previously aligned. One thing should be borne in 
mind during the alignment procedure as one works 
backward from the last i-f stage to the first; that is, the 
amplitude control of the f-m signal output should 
always be regulated to prevent overloading of the i-f 
stages. This is necessary because an extra stage of i-f 
amplification is in the signal path every time a new i-f 
stage is aligned. 

If one of the i-f stages has a resonance curve that is 
not single-peaked, then the resulting response curve 
оп the oscilloscope will have some other shape. The 
exact shape should be known so that proper alignment 
can be made. This is especially true in high-fidelity 
receivers, In Fig. 16-56 appears a triple-peaked sym- 
metrical over-all response curve of the if section of a 
high-fidelity a-m receiver. This response curve is the 
result of the combination of a single-peaked and a 
double-peaked resonance curve where each has the 
same center frequency. What happened is that the 
single-peaked resonance curve, when added to the 
double-peaked resonance curve, raised the response at 





Fig. 16-56. Triple-pesked 
symmetrical overall LÍ re- 
sponse curve ofa high-fidelity 

receiver. 


the center frequency, causing a “lifting” of the trough 
of the double-peaked curve to produce the small central 
peak shown in the photograph. 

Examination of Fig. 16-57 indicates three different 
types of over-all i-f response curves of a-m receivers, 
(A) isa symmetrical single-peaked curve which is ob- 
tained from the usual type of a-m broadcast receiver 
whereas (B) and (C) are obtained from broadband 
i-f circuits of high-fidelity receivers. Both of these lat- 
ter curves are unsymmetrical, Curve (C) contains a 
double peak. The three curves illustrated in Fig, 16-57 
are those requested by the designers of three different 
types of receivers. 






Fig. 16-57— 
Three different 
types of typical 
over-all i-1 re- 
sponse curves of 
aem receivers. 





An alternate method of i-f alignment, especially of. 
acm receivers where each if stage has the same re- 
sponse, isto keep the sweep generator cable at the grid 
input to the converter tube (or mixer tube) throughout 
the i-f alignment. The frequency of the generator re- 
mains set at the i.f. of the receiver and each i-f trans- 
former is aligned starting from the last stage and work- 
ing backward. Each stage is aligned for the proper type 
of response curve. During this process, the amplitude 
control of the sweep generator may require regulation. 
This method should not be used if the i-f stages are 
completely out of alignment but only if they are slightly 
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30, Whatever method is used it is usually suggested 
that the process be repeated for a more accurate align- 
ment. 


Oscillator and B-F Alignment 

It is a simple matter to visually align the oscillator 
and rf stages once the i stages are aligned. The os- 
cillator system is usually aligned before the r-f stages. 
‘The oscilloscope connections remain as they were for 
the i-f alignment, as shown in Fig. 16-55, but the sweep 
generator's f-m output cable connection is changed. 
The cable is coupled to the dummy antenna as sug- 
gested by the manufacturer. 

The alignment of the r-f and oscillator sections dif- 
fers somewhat with different manufacturers. Some 
suggest starting at the high end of the band and work- 
ing down, while others stipulate that alignment should 
start at the low end of the band ; still others suggest 
going from end to end and finally to some middle point 
of the band. The result will be essentially the same 
the complete alignment instructions are followed. It 
should be remembered that some circuits have more 
trimmers and tuning slugs than others. By the use of 
these extra adjustments, a finer alignment can be ob- 
tained over the entire band as long as we know which 
variable components to tune. For purposes of discus- 
sion we will start at the high end of the broadcast band. 

If the oscillator had previously been made inopera- 
tive, this stage should now be put back into operation. 
The frequency control of the sweep generator is set to 
a center frequency of about 1,500 kc, and the receiver 
dial is also set to this frequency. The sweep-width con- 
trol of the sweep generator is so adjusted that a little 
more than the complete response curve appears on the 
oscilloscope. The necessary oscillator trimmers and/or 
tuning slugs are then adjusted to produce a maximum 
response. Remember that the response curve seen dur- 
ing this stage of the alignment is a combination of the 
‘over-all i-f response curve plus the response of the r-f 
stages (which usually have a greater bandwidth than 
the i-f stages), and hence may not have the same shape 
as that of the i-f system alone. 

After the oscillator is adjusted, the necessary rf 
trimmers and/or tuning slugs are varied for maximum 
‘response on the oscilloscope. If there is more than one 
‘tuned circuit, adjust the one used as the input to the 
mixer or converter first and then adjust the others, 
working backward to the antenna. Usually not more 
than two r4 tuned circuits are employed. Remember 
the secondaries of the transformers should be aligned 
first and the primaries next unless otherwise indicated 














by the manufacturer. Proper alignment will be indi- 
‘cated when the response curve is shaped to the form 
desired and not merely to maximum response. 

If the desired response curve cannot be obtained or 
if the receiver dial does not tune exactly to 1,500 ke at 
the best response obtained, the receiver tuning dial 
should be slowly turned, while the necessary oscillator 
trimmers are retuned for the proper response, until the 
1,500-ke point is reached. 

After making sure this alignment is correct, set the 
receiver dial and the frequency dial of the sweep gen- 
erator to some low frequency, say 600 ke. The sweep- 
width control of the generator is not usually changed. 
The next step is to align the oscillator again for the 
proper response curve, adjusting only the low-fre- 
quency trimmers, or padders as they are often called. 
Next adjust the r-f stages again, in the same order 
as previously described, for the proper response curve, 
The low-frequency alignment can be checked for ac- 
curacy in the same manner as the high end and re- 
adjustments made if necessary. After the low-fre- 
quency adjustments are made it may be desired to go 
back to the high end of the band and check the align- 
ment there again and readjust if necessary. 

The foregoing procedure will usually be sufficient 
for most practical purposes. However, for greater ac- 
curacy, when a set is badly aligned to begin with, 
point in the middle of the dial may be chosen, and the 
frequency control of the sweep generator set to this 
frequency. The oscillator and r-f stages are then 
checked to see if they are likewise aligned on this 
middle frequency. If not, readjust the necessary tri 
mers. After all these steps have been completed, it pays 
to recheck the low and then the high end again. Middle- 
frequency alignment points are not usually necessary 
in visual alignment. 

The so-called r-f response of a high-fidelity receiver, 
obtained by the method indicated, is usually quite dif- 
ferent from the over-all i-f response alone, even though 
the r-f response includes the i-f response. To indicate 
this the r-f response curve of the receiver from which 
the over-all i-f curve of Fig. 16-56 was taken is illus- 
trated in Fig. 16-58A. Note that although both curves 
are triple-peaked, the center peak of the rf response is 
higher than its two adjacent peaks whereas, for the i-f 
response, the opposite is true. 

The r- response curve illustrated in Fig. 16-58A is 
the correct curve required for the proper alignment of 
a certain receiver. If this receiver was to have been 
aligned by the meter method, a maximum meter read- 
ing would normally indicate proper alignment. How- 
‘ever, since the response of this stage has more than one 
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peak, this maximum output indication may have been 
found at a wrong alignment point. To prove that this 
is possible, the same receiver producing the correct re- 
sponse of part (A) of Fig. 16-58 was aligned by the 
meter method to what was considered correct align- 
ment. Then the over-all r-f response curve of the re- 
ceiver was checked to see how closely it would resemble 
that obtained by visual alignment ; the resulting pattern 
appears in Fig. 16-58B. Note the complete absence of 
symmetry in this curve and how much it differs from 
the correct response, 


VISUAL ALIGNMENT OF F-M RECEIVERS 


‘The greatest difference between a-m and f-m re- 
ceivers lies in their detector (ie. demodulation) cir- 
cuits. Practically all modern a-m receivers employ a 
diode detector type of circuit whereas in modern f-m 
receivers, three principal types of detector circuits are 
found, namely the discriminator detector, the ratio 
detector, and the locked-in oscillator detector. 

In f-m receivers the detector circuit, in conjunction 
with what is generally referred to as the detector trans- 





is used solely for rectification purposes. This f-m de- 
tector response should have approximately the same 
shape no matter what type of detector circuit is used. 





16-59. — Ideal re- 
sponse curve of an fom de- 
tector. 


An ideal f-m detector response curve is illustrated in 
Fig. 16-59. Note that it is in the form of an "S", In 
actual alignment the “S” pattern may appear inverted 
from that shown but, in whatever position it appears, 
the detector transformer has to be aligned to produce 
a response that is equally linear on both sides of the 
central frequency point of the curve. When this “S” 
shaped characteristic is to be obtained, the detector is 
used to actually demodulate the input f-m sweep signal. 

The different visual methods of r-f, oscillator, and 
i-f alignment of f-m receivers depends upon the type 
of detector circuit employed. In the following analyses, 
three individual {f-m receiver alignment procedures will 
be discussed, one for each different detector circuit. 












Alignment of Discriminator Detector 

A discriminator detector circuit appears in Fig. 
16-60. This circuit is just one of many modifications 
that may exist. In place of inductance L there may be 





Fig. 16-60—Circuit arrangement for visually aligning the 


a resistor or no component at all. The output circuit 
which now consists of two resistors and two filter 
capacitors may be different from that shown. Whatever 
modification is used it will have a resistive load in the 
output circuit similar to resistors R1 and R2 in the 
drawing. It is this resistive load which is important in 
the alignment process. The circuit illustrated is shown 
n conjunction with a limiter stage which is supposed 
to precede this type of detector circuit. When the dis- 
criminator transformer is properly tuned and the in- 
coming signal is equal to this resonant frequency, 
there will be no output across the combination of re- 
sistors RI and R2, that is, between points 4 and B. 


VISUAL ALIGNMENT OF A-M. F-M. AND TELEVISION RECEIVERS 599 


This is so because the currents flowing through the 
diodes and, hence, through the individual load resistors 
are equal to each other and opposite in sense, and cause 
equal but opposite voltage drops across the load re- 


sistors. Alignment of the discriminator is based upon. 


this fact. Discriminator alignment means that the 
transformer is actually being tuned to its proper reso- 
nant frequency, which is the same as that of the i.f.'s of 
the receiver. In the majority of modern receivers this 
frequency is equal to 10.7 Mc. (Some other uncommon 
if/s that may be found are 4.5 Mc, 83 Mc, and 
9.1 Me.) 

In visually aligning this discriminator transformer, 
the oscilloscope connections are made as indicated in 
Fig. 16-60. The high side of the vertical input is con- 
nected to point A and the ground connection made to 
point B or to any similar ground connection of the 
receiver. The f-m output cable of the sweep generator 
is connected to the grid circuit of the limiter tube pre- 
ceding the discriminator as shown in the drawing. The 
ground side of this cable is connected to any common 
ground of the receiver. The sine-wave modulating out- 
put signal of the sweep generator is fed to the horizon- 
tal input ofthe oscilloscope. The frequency of the sweep 
generator is set to the if. of the receiver. The over-all 
linear range of the "S" response should be at least 150 
kc. The sweep-width control should, therefore, be ad- 
justed to produce a minimum deviation of about 200 kc, 
to more than cover this minimum required linear 
range. However, many detector circuits have a linear 
response greater than 150 ke, so in setting the sweep 
width, it is suggested that the control be adjusted to the 
point where at least the upper and lower peaks of the 
discriminator characteristic are visible. Sweep widths 
of 300 to 400 ke are commonly used, so that the com- 
plete output curve can be visualized. 

With these preliminary settings made, some form of 
"S" curve should appear on the oscilloscope unless the 
circuit is completely out of alignment. In aligning the 
discriminator transformer, the primary circuit deter- 
mines the linearity of the discriminator response. The 
exact balance or symmetry of the response is deter- 
mined by the secondary circuit. The primary circuit 
(L1 in Fig. 16-60) is adjusted first to obtain the best. 
possible linearity in the “S” curve. Next adjust the 
secondary of the discriminator transformer (L2 in 
Fig. 16-60) to center the i-f point in the middle of the 
curve. Since the secondary is tuned last there is a pos- 
sibility that the linearity of the response may be thrown 
off, If this is noticed in the pattern, readjust the pri- 
mary of the discriminator transformer for proper 
linearity. 





Fig. 16-61. —F-m de- 
tector response carve Te- 
tiring improvement in. 
йаш. 


The need for a linearity adjustment is easily de- 
duced from the shape of the curve. For example the 
hand-drawn curve of Fig. 16-61 illustrates the need 
for such an adjustment. However, it is quite difficult 
at times to tell whether or not the secondary adjust- 
ment will produce a balance in the system. The need 
for this balance adjustment can easily be noticed by the 
use of a marker signal set to the i. of the receiver. 
When the marker јаз in the center of the linear por- 
tion of the curve, the secondary is correctly aligned. 
Fig. 16-62 illustrates a properly aligned discriminator 
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response with an i-f marker at the center frequency of 
the curve. The marker generator can also be used to 
check the linear bandwidth of the response by simply 
noting at what frequencies the peaks of the curve 
appear. 

Ifa wobbulator is used instead of a sine-wave sweep 
generator a double "S" shaped characteristic simi- 
lar to that of Fig. 16-63 should appear. For correct 
alignment the two curves should be mirror images of 


‘each other, both should be linear, and the crossover 
point should be in the center of each curve. 


Fig, 16-63.—Properly 
discriminator re- 

‘sponse when a wobbulator is 
ied stead ‘ofa weep gem 
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Alignment of Limiter and FF Stages 

The alignment of the limiter and i-f stages of the f-m 
receiver is done in a manner similar to the alignment 
of a-m receivers. The only difference is that the limiter 
stage, preceding the detector, acts as a rectifier. Fig. 
16-64 illustrates the block diagram needed for visual 
alignment of the remainder of the receiver. The action 
of the limiter is such that grid current flows during 
part of the input signal cycle, and as a result, a current 
flows through the limiter grid resistor R3, putting a 
potential across the resistor as shown. In other words. 
the grid and cathode of the limiter can be considered 
as a rectifier with the grid functioning as the plate of 
the rectifier. The greater the signal input, the greater 
will be the voltage drop across R3, and the greatest 
signal input to the grid of the limiter will occur when 
the i-f transformers are correctly aligned. 

Based on this limiter action, the oscilloscope is re- 
moved from the detector load and placed across the 
grid resistor of the last limiter stage, if more than one 
is employed. Some limiter circuits employ two grid 
resistors, one of them usually much smaller than the 
other. If this situation exists, it is advisable to place 
the vertical input terminals across the smaller resistor. 
In most instances it is advisable to use a large resistor 
(about 100,000 ohms) in series with the high side of 
the vertical input of the oscilloscope to prevent the 
oscilloscope from loading the limiter circuit. 

The sweep generator's (чт output cable is placed at 
the grid input to the i-f amplifier preceding the limiter. 
The frequency setting remains as before, at the if. of 
the receiver, but the sweep-width control should be 
increased if necessary to encompass the complete i-f 
response curve. A sweep width of 600 kc is advisable, 
or if this is not available from the sweep generator, the. 
greatest possible sweep width should be used. The 
amplitude control of the sweep signal output should 
be adjusted to the smallest value which will produce 
a suitable response curve on the oscilloscope. This pre- 
liminary adjustment for a low input signal is primarily 
intended to prevent saturation of the limiter. If satu- 
ration occurs, it yill be difficult to tell when the trans- 
former is tuned to resonance. * 

If two limiter stages are employed (ie. cascaded 
limiters), we have to consider the type of coupling be- 
tween the stages. Slightly different alignment proce- 
dures are followed for tuned (transformer) coupling, 
and for untuned (R-C or impedance) coupling. With 
tuntuned coupling between the limiter stages, place the 
oscilloscope in the grid circuit of the first limiter as 
previously described. The sweep generator's f-m out- 
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Fig. 16.64.— Block diagram of the circuit needed for visual 
alignment ol the remainder of the fm receiver, 


put cable should then be placed at the input to the last 
if stage, as in the case of the single-stage limiter cir- 
cuit. When the coupling between the two limiter stages 
is tunable, the oscilloscope is placed in the grid circuit 
of the second limiter rather than the first. The sweep 
generator is then placed at the grid input to the first 
limiter, and the limiter is adjusted as the manufacturer 
may specify. 

With these preliminaries completed, the last i-f 
transformer is aligned first. The sweep signal is in- 
serted at the grid of the last i-f stage. Whatever limiter 
system is employed, if the coupling of the first trans- 
former to be aligned is below the “critical” point, then 
only a single-peaked response curve will result. There- 
fore, the if transformer should be adjusted for maxi- 
‘mum response at the peak of the curve as seen on the 
oscilloscope. The peak should normally fall at the cen- 
ter of the curve. The desired pattern is shown in Fig. 
1665A. This is the type of single-peaked pattern 
usually required by the manufacturers of f-m receivera. 
If this last transformer stage is overcoupled, the align- 
ment should be made so that the two outside peaks of 
the curve fall symmetrically on either side of the center 
frequency dip. The correct pattern is shown in Fig. 
16-65B where a-b is equal to b-c. 

The next step is to move only the sweep generator, 
with the frequency and sweep-width settings intact, to 
the grid of the preceding i- tube and align the next i-t 
transformer starting with the secondary. 

When the next to the last if transformer has been 
aligned, the picture on the oscilloscope will be the over- 
all response curve of the last if transformer plus the 
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one just aligned. If both i-f transformers are single- 
peaked, the latter stage should be aligned so that the 
over-all response is a single-peaked curve similar in 
shape to that of Fig. 16-65A. Since one curve is effec- 
tively added to the other, the amplitude of the sweep 
signal output should be decreased accordingly. If the 
stage now just aligned was overcoupled (that is, has a 
double-peaked response) then no matter how the last 
i transformer is coupled, the correct over-all picture 
will be a double-peaked response that may or may not 
be symmetrical about its resonant frequency point. 
Whatever the case may be, one should know the exact 
shape of the response to look for. The final curve may 
contain two peaks that are not too sharply defined, so 
alignment should be done carefully. 





ان 
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Fig. 16-65.—Desired responses of the last i-f transformer: 


(A) when this transformer is under and (B) when it 
(AD en this is undercoupled, and (B) 


The immediately preceding i-f transformer and the 
others on back to the first i- transformer in the set are 
aligned next, in that order. In each case the f-m output 
cable of the sweep generator is placed at the grid of the 
amplifier preceding the i-f transformer to be aligned. 
In each alignment the picture on the oscilloscope will 
be a composite response curve of as many i..’s as fol- 
low the one being aligned. In all cases, whether the i.£.'s 
are all double-peaked, all single-peaked, or a mixture 
of both, the picture should resemble as closely as pos- 
sible a symmetrical response curve, unless otherwise 
noted by the manufacturer's data, either with double 
peaks that may or may not be too well defined, or just 
‘a single-peaked curve. In all these alignments, the out- 
put of the signal generator should be as low as possible, 
во that the limiter is not driven into its saturation or 
limiting action point. 

If individual i-f response curves are desired it is 
possible to employ a probe detector. In this case the 
oscilloscope's vertical input is connected to one side of 
the probe and the other end of the probe connected to 
the output of the amplifier following the stage being 
aligned, If frequency checking or bandwidths of the 
response curves are desired, marker signals can be used 
in the manner previously outlined. 





Oscillator and RF Alignment in Limiter 
Discriminator Receivers 


To align these stages, the oscilloscope remains across 
the limiter grid resistor, but the sweep-generator cable 
is coupled to the antenna terminals of the receiver 
through the dummy antenna specified by the manu- 
facturer. The sweep-width control of the generator 
should be advanced if possible to the point where more 
than the complete response curve is seen. The sweep- 
generator attachment to the horizontal terminals of 
the oscilloscope remains as is. Only the frequency set- 
ting of the sweep generator is changed. The oscillator 
and r4 alignment procedure as discussed under a-m 
visual alignment is now applied here, The primary dif- 
ference is that the high and low frequencies of the f-m 
band used for this alignment process should be approx- 
imately 105 Mc and 90 Mc respectively. The adjust- 
ments of the r-f and oscillator sections should be for 
maximum and symmetrical response curves unless 
otherwise noted by previous i-f alignment curves or by 
manufacturer's requirements. 


Ratio Detector and LF Alignment 


The second important type of detector circuit em- 
ployed in f-m receivers is the ratio detector. When this 
detector is used, it may or may not be preceded by a 
limiter stage. In fact in many cases itis difficult to tell 
whether or not the stage preceding the ratio detector 
is a limiter or just another i-f amplifier. Actually, the 
only major difference is that grid current always flows 
in the limiter stage. The original ratio-detector design 
was intended for use without a limiter stage. Whatever 
the case may be, once again we say that the manufac- 
turer's visualalignment instructions should be fol- 
lowed, if any are given. 

The ratio-detector circuit is similar to the discrimi- 
nator detector ; a duo-diode tube is generally used but, 
in the ratio-detector circuit, the diodes are wired in 
series aiding instead of series opposing, as in the dis- 
criminator circuit. There are many modifications of the 
ratio-detector circuit; the one shown in Fig. 16-66 is 
one of the original types. As in the discriminator, cir- 
Cuit inductance L may not exist at all or a resistor may 
be in its place, and the output load circuit may appear 
different from that shown. Whatever circuit is found 
in the f-m receiver to be aligned, the arrangement of 
Fig. 16-66, in conjunction with the discussion to fol- 
low, will allow for the alignment of all types. 

The load resistance R1 may be a single resistor as 
indicated in Fig. 16-66 or it may consist of two equal 
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resistors as shown by the dashed resistors R2 and R3 
in the circuit. If only one resistor RI exists, then two 
resistors of about 100,000 ohms each with a tolerance 
of +59% can be soldered across RJ to simulate the cir- 
cuit including R2 and R3. In the alignment of this stage 
the vertical terminals of the oscilloscope are placed as 
indicated in Fig. 16-66 or between the audio output 
point and ground. The modulating sine-wave output 
from the sweep generator is fed to the horizontal ter- 
minals of the oscilloscope. The f-m output cable of the 
sweep generator is connected to the grid of the stage 
preceding the ratio detector. The frequency of the 
sweep generator is set to the if. of the receiver and the 
sweep-width control is properly adjusted, 300 to 400 
kc being an average width to use. Several variations in 
the visual alignment of the ratio detector and i-f stages 
are specified by different manufacturers. Three differ- 
ent methods will now be described. 

In one method the tuning component in the second- 
ary of the ratio-detector transformer is turned to its 
minimum. The primary of the transformer is then 
aligned for a single-peaked i-f curve of maximum re- 
sponse similar to that shown in Fig. 1665A. The 
sweep generator is then moved back a stage and the 
next to the last i-f transformer is aligned for the proper 
pattern. The procedure from this point onward exactly 
follows that of the i-f alignment of the discriminator 
detector type of f-m receiver, including the remarks 
about double-peaked if's. After all the if’s are 
aligned, the discriminator secondary is adjusted to give 
the proper S-shaped curve. The f-m output cable of the 
sweep generator for this last adjustment can be placed 
either at the grid of the last i-f tube or left atthe r-f grid 
of the converter tube. Whichever is used, remember to 
control the amplitude of the f-m output signal from the 
sweep generator. 

‘A second method involves aligning the complete 
ratio-detector transformer first. The oscilloscope is 
placed in either of the positions mentioned in the pre- 
vious method and the secondary of the ratio-detector 





Fig, 16-66—Schematic of a ratio de- 
tector circuit. 


transformer is completely detuned. The f-m output 
cable of the sweep generator is placed at the grid of the 
last i-f amplifier with the same settings as in all the 
detector visual alignments thus far described. The pri- 
mary of the detector transformer is then tuned for the 
proper single-peaked curve similar to that of Fig. 
16-65A. Then the secondary of the detector trans- 
former is aligned to give a symmetrical S-shaped curve, 
The ratio detector is now completely aligned. A marker 
generator can be used to check the midfrequency of the 
detector response. The alignment of the i's is based, 
in this case, not on the picture of the i response 
curves, but rather on the detector output. The signal 
generator is gradually moved back as in the other i-f 
alignments and the proper i.f.'s adjusted. The adjust- 
ment in each case is for a continued symmetrical and 
linear S-shaped response curve of maximum ampli- 
tude. 

A third method involves opening up the hot lead of 
electrolytic capacitor C1 in Fig. 16-66, so that the cir- 
cuit functions as an a-m demodulator. The vertical ter- 
minals of the oscilloscope are then placed across load 
resistor R1. The sweep generator is set at the same 
frequency and sweep width, and is moved one stage 
backward each time as the alignment progresses. Some 
manufacturers specify removal of the first audio tube. 
Alignment starts with the complete detector trans- 
former and continues backward to the first i-f trans- 












vious i4 alignment where the i transformers are ad- 
justed for a symmetrical single-peaked resonance 
‘curve. Care should be taken in tuning overcoupled ifs 
for the double-peaked curve ; in some instances, it may 
be advisable to detune the secondary of overcoupled 
i.f's, tune the primary for a single-peaked curve, and 
then tune the secondary for the double-peaked curve. 
Remember that when aligning some of the first and 
perhaps second i-f stages the response curve, which 
may include overcoupled i.f's, may not contain ay 
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evidence of double peaks due to the effective combina- 
tion of all the i-f resonance curves. The over-all i-f 
curve may contain only a single peak, but it will be a 
broad response curve. 

After this alignment is completed leave the sweep 
generator as is and capacitor C1 of Fig. 16-66 is recon- 
nected to its former position. The vertical terminals of 
the oscilloscope are then placed as indicated in the 
drawing of Fig. 16-66 or across the point of audio out- 
put to ground. With these connections made, the oscil- 
loscope should show a symmetrical and linear S-shaped 
curve, because the detector tube is once again func- 
tioning as an f-m demodulator. 


Oscillator and RF Alignment 
of RatioDetector Receivers 


Visually aligning the oscillator and r-f stages is very 
simple, The adjustments and preliminary settings at 
the front end of the set and the sweep generator remain 
essentially the same as for the discriminator type of 
fm, receiver, but the positioning of the oscilloscope 
may vary. For example, for the case where capacitor 
C1 is opened, the oscillator and r-f stages can be aligned 
for maximum and symmetrical i-f patterns on the os- 
cilloscope with the oscilloscope placed across RI in 
Fig. 16-66. Then the detector circuit could be checked 
for the proper "S" characteristic with the capacitor in 
place, Another method would be to keep the oscillo- 
scope in the position as shown in Fig. 16-66 or across 
the audio output and adjust the oscillator and r-f cir- 
cuits while the secondary of the ratio-detector trans- 
former is detuned. The adjustments are for the proper 
if response curves. Afterward the detector can be 
aligned, In this method the detector transformer is 
tually aligned last in the complete receiver system.” 

Still another method would be to connect the oscillo- 
scope in either manner mentioned in the latter method 
and adjust the oscillator and r-f stages after all the 
other alignments have been made. The adjustment 
would be for a continued maximum and symmetrical 
‘S-shaped response curve from the detector. 

If the tube preceding the ratio detector is definitely 
a limiter, (ie. grid current flows and a negative bias is 
developed across the grid resistor) then the alignment 
of the receiver could be accomplished in another man- 
ner. The ratio-detector circuit should be completely 
aligned first by any method just outlined. After this the 
oscilloscope is placed in the limiter grid circuit and the 
remainder of the receiver's alignment carried out in the 
same manner as receivers employing discriminator 
detectors. 








Visual Alignment of the Locked-In 
Oscillator Detector Receiver 


The third principal type of f-m detector, namely the 
locked-in oscillator detector, as far as is known, is used 
by only one manufacturer. Consequently this detector 
is not found to the same extent as the other f-m de- 
tectors but it is, nevertheless, important enough to be 
included. This circuit employs a special pentagrid tube 
which functions as the locked-in oscillator and detector. 
A schematic of this f-m detector circuit as found in a 
typical receiver appears in Fig. 16-67. 

The network consists of three different tuned cir- 
cuits, L1-C1, L2-C2, and L3-C3. Each one of these 
tuned circuits is resonant to the same frequency, 
namely the if, of the receiver. The input transformer 
(that containing L1-C1) is considered as the last i-f 
transformer of the receiver. The L2-C2 tuned system 
in conjunction with the rest of the circuit functions as 
a Colpitts oscillator. The L3-C3 tuned arrangement is 
known as a quadrature circuit, The remainder of the 
i-f and r-f sections of such f-m receivers are similar to 
the other types of f-m receivers. 

The visual alignment discussed here is carried out 
onan actual receiver — Philco model 48-482. The i.£.'s 
are aligned first for the correct response curve and the 
detector afterward. The visual-alignment procedure is 
as follows. The high side of the vertical input of the 
oscilloscope is connected to the junction of RI and C3 
as shown in Fig. 16-67. The ground lead of the oscillo- 
scope is connected to the chassis of the receiver, It is 
across resistor R1 that the audio-frequency output ap- 
pears. For the i-f alignment the oscillator grid, the first 
grid of the detector tube, is grounded so that the oscil- 
lator section of the tube is made inoperative, When this 
is done the tube will no longer be effective as an f-m 
detector but will function as an a-m grid-leak detector. 

The frequency control of the sweep generator is set 
to the if. of the receiver, which in this case is 9.1 Me. 
The f-m output cable is connected to the grid of the last 
i-f amplifier and the sweep-width control is set to a 
large deviation (at least 400 kc). The oscilloscope re- 
mains where it is for the complete receiver alignment. 
The primary of the last i-f transformer is aligned for 
a symmetrical single-peaked maximum response on the 
oscilloscope screen. The rest of the if.’s are similarly 
aligned with the output cable of the sweep generator 
being moved back each time and placed at the grid of 
the if amplifier preceding the i-f transformer to be 
aligned. 
` After the ifs are aligned, the ground is removed 
from the oscillator grid. A short is then placed across 
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the quadrature network (across either component L3, 
R2, or C3, whichever is easier to get at), and the f-m 
output cable of the sweep generator remains connected 
as in the very last step. The frequency of the sweep 
generator is set at 9.1 Mc, unmodulated, or if this is not 
possible, a 9.1-Me unmodulated signal should be used 
from a marker generator. The oscillator trimmer, C2 
їп Fig. 16-67 is then adjusted for a zero beat, as indi- 
cated by a minimum signal on the oscilloscope and in 
the loudspeaker of the receiver. 

After the oscillator alignment, the short across the 
‘quadrature circuit is removed for alignment of this sec- 
tion, but the sweep generator remains where it is. The 
generator is frequency-modulated at a center frequency 
of 9.1 Me with a minimum sweep width of 200 ke. The 
quadrature coil L3 (see Fig. 16-67) is then adjusted 
for linear detector response on the oscilloscope screen 
as indicated in Fig. 16-68B. This linear response was 
taken when the sweep width was exactly 200 kc. From 
this curve we see that the linear part covers more than 
the minimum required bandwidth of 150 kc. A 9.1-Mc 
marker can be used to determine whether or not the 
response at midpoint of the linear curve is at the if. A 
typical response curve when the quadrature circuit is 
misaligned is illustrated in Fig. 16-68A when the sweep 
‘width is set at 200 ke. The misaligned response curve 
shown at Fig. 16-68C is taken at the detector output 
when the quadrature network and also the secondary 
of the last i-f transformer are both misaligned. This 


Fig. 16-67—Schematic of a locked-in 
зїн detector, including olio 
scope and sweep generator setup for 
visual alignment. 


latter misalignment is also under the condition of a 
200-ke sweep width. 

To align the high-frequency oscillator and r-f sec- 
tion visually, the f-m output cable of the sweep gener- 
ator is connected to the antenna input terminals or to 
the dummy antenna recommended by the manufacturer 
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and the oscilloscope remains where itis. The frequency 
control of the sweep generator and receiver dial are 
first both set at the same frequency on the high end of 
the band for the capacitor trimmer adjustments, and 
then at the low end for the coil adjustments, Use high 
and low frequencies of 105 Mc and 90 Mc respectively 
if none are recommended. The sweep-width control of 
the sweep generator is set wide enough to give a good 
picture of the over-all band-pass characteristic. The 
‘oscillator and r-f stages can then be aligned in proper 
order for maximum linear detector response on the 
oscilloscope, Marker signals can be used during this 
alignment procedure to determine the midfrequency of 
the response. 

An alternate method of aligning the r-f and oscillator. 
sections would be for a maximum and symmetrical re- 
sponse of the i- stages, To do this the grid of the oscil- 
lator section of the detector tube has to be grounded. 
With this method it is possible that the oscillator and 
rf be aligned immediately after the i-f alignment, and 
the quadrature circuit of the f-m detector aligned last. 


VISUAL ALIGNMENT OF 
TELEVISION RECEIVERS 


We now come to the type of receiver where visual 
alignment is most important. In alignment of a-m and 
fcm receivers it is possible to use a complete meter 
method (although the visual method is far more accu- 
rate) but for television receivers this is not so. Visual 
alignment of the r-f and video i-f sections of these re- 
ceivers is a necessity because of the spécially shaped 
curves required. Since visual alignment of part of this 
receiver is required, it is a simple matter to visually 
align the complete receiver including the sound section. 
tis important to remember that the marker and sweep 
generators used for alignment of television receivers 
must have a frequency range that includes the r.f.'s and 
i.f's of the receiver. 

There are five main sections of a television receiver 
that have to be considered in the process of alignment ; 
these are the sound section, the trap circuits (if any 
are employed), the video i-f section, the oscillator cir- 
cuits, and the r-f stages. The sound section of television 
receivers is very much the same as the circuits of f-m 
receivers, Since this is so and since most manufacturers 
suggest aligning the sound section first, we will start 
our discussion with this part of the television receiver. 








‘The Sound Section 


Sound i-t amplifiers, limiters (if any are used), f-m 
detector, and the audio system represent the order of 


the stages in the sound section of television receivers. 
This is exactly the same as in f-m receivers. The num- 
ber of sound i-f amplifiers used in television receivers 
may vary according to the make of the set and whether 
or not the intercarrier sound system is used in the re- 
ceiver. As far as is known only discriminator detectors 
or ratio detectors are used as f-m demodulators in the 
sound section of television receivers. 

The chief difference between standard f-m broad- 
‘casting and the f-m sound part of television broadcast- 
ing is that, in the former, 275 kc deviation of the trans- 
mitted f-m signal is considered 100 per cent modula- 
tion and, in the latter, it is only +25 kc deviation. This. 
means that the bandwidth of the tuned circuits in the 
sound section of television receivers need not neces- 
sarily be as broad as those in f-m receivers. However, 
in order to prevent oscillator drift from causing the 
Tem i signal of television receivers to fall outside the 
response of the sound if, the tuned circuits are nor- 
mally made much broader than necessary. In some 
cases they may be broader than those of f-m receivers 
to compensate for this frequency drift. The sweep- 
width control of the sweep generator should be ad- 
justed to produce somewhat more than the complete 
response curve. 

The placement of the oscilloscope and its connections 
to the f-m detector circuit and sweep generator for 
visual alignment of the sound section of television re- 
ceivers is exactly the same as for f-m receiver ali 
‘ment. The complete visual-alignment procedure of 
sound system follows any of those described for the i-f 
and detector sections of f-m receivers. It is not neces- 
sary to repeat this alignment here. Whatever type of 
f-m detector is used in the sound system, refer to the 
proper section under f-m receiver alignment and follow 
the methods outlined there. 

The important thing to remember about alignment 
of this section is the intermediate frequency employed. 
Ifthe television receiver is of the intercarrier type, the 
final sound if signal of any receiver will always be 4.5 
Me, This 4.5 Mc sound if. is the result of mixing the 
video and sound i-f signals from the front-end con- 
verter in the video detector. One of the signals that 
results from this mixing process is a 4.5-Mc signal, 
frequency modulated with the sound intelligence. This. 
4.5-Mc signal is fed to the grid of the first sound i-f 
amplifier through some tuned circuit arrangement 
which is resonant to 4.5 Mc. This arrangement may be 
a single series- or parallel-tuned circuit or a double 
parallel-tuned one, and may appear at the output of the 
‘Video detector or at one of the video amplifiers or at 
the input to the first sound i-f amplifier itself. What- 
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ever type of tuned circuit is used, it is generally re- 
ferred to as the 4,5-Mc sound take-off circuit, trans- 
former, or trap, or the intercarrier take-off trap. 

In receivers other than the intercarrier type, which 
receivers we will refer to as the conventional type, the 
resonant frequency of the sound i-f transformers is the 
same as the sound i-f output from the front-end con- 
verter tube. The exact frequency of this sound i-f sig- 
nal is not always the same as it is for intercarrier re- 
ceivers but differs for different model receivers. The 
^s in question may have a value anywhere from 20 
to 40 Me. The exact if, used is usually mentioned by 
the manufacturer of the receiver. The tuned circuit pre- 
ceding the first sound i-f amplifier in such receivers 
may appear in the output of the front-end converter 
tube or in the output of the first or second video i-f 
amplifiers. Whatever type of receiver is being aligned 
the frequency control of the sweep generator should be 
set to the correct sound i-f of the receiver. 





Alignment of First Sound FF Tuned Circuit. 


Visual alignment of the sound section of either type 
of receiver is, as mentioned previously, carried out in 
the same manner as for f-m receivers. The only differ- 
ence that should be noted in this section is the place- 
ment of the f-m output cable of the sweep generator for 
alignment of the first i-f tuned circuit or transformer. 

For intercarrier type of receivers where the 4.5 Mc 
sound take-off circuit appears after a stage or two of 
video amplification, the 4.5-Mc f-m signal output from 
the sweep generator should be fed to the grid circuit of. 
the video amplifier that immediately precedes the 
sound take-off circuit. If the sound take-off circuit 
appears immediately after the video detector, the out- 
put cable of the sweep generator is usually placed at 
the electrode of the detector tube to which the take-off 
circuit is effectively connected, preferably through 
0.001 pf capacitor. In placing the sweep generator for 
alignment of this stage, it is important that the gener- 
ator itself not load down the take-off circuit to the point 
where it will cause erroneous alignment. 

‘Wherever th 4,5-Me take-off circuit is employed, it 
should be aligned as just another i-f stage. The oscillo- 
scope remains where it is after the regular i-f align- 
ment and the 4.5-Mc take-off circuit is aligned for the 
proper response curve using the same sweep width as 
for the regular if alignment. Remember that the re- 
sulting curve on the oscilloscope is the over-all response 
of all the i-f stages as well as the take-off circuit. Some 
manufacturers suggest placing the sweep generator be- 
fore the take-off circuit for alignment of the complete 


f-m sound section. This method is all right if the sound 
section is not badly out of alignment. 

Visual alignment of the tuned circuit or transformer 
preceding the first sound i-f amplifier in conventional 
type television receivers is carried out in a manner 
similar to that just described. The f-m output cable of 
the sweep generator is placed at the grid input of the 
stage preceding the first sound i-f tuned circuit, 
whether this stage be the front-end converter tube or 
the first or second video i-f amplifier. Wherever this. 
first tuned i-f circuit appears, the same frequency and 
sweep-width control adjustments of the sweep gener- 
ator that were made for alignment of the other i-f stages 
are also used for alignment of this circuit. 


LF Trap Circuits 

Receivers that do not employ the intercarrier system 
contain a number of traps within the video section of 
the receiver to suppress certain frequencies that would 
normally cause interference of the reproduced picture, 
The traps employed are either series- or parallel-tuned 
circuits that are sharply resonant. The trap either ab- 
sorbs energy or causes a loss in gain at its resonant 
frequency. 

These traps, although they help shape the over-all 
video i-f response curve, are essentially inserted to pre- 
vent interference from undesired sound and video i-f 
signals. The sound i-f signal of the receiver is one type 
of interfering signal. This i- signal is referred to as the 
‘accompanying sound i. because it is a signal within 
the channel to which the receiver is tuned. It is also 
possible to have interference of sound and video sig- 
nals from adjacent channels which may force their way 
into the front end of the receiver. If this happens, un- 
desired sound and video i-f signals will appear at the 
output of the converter tube. These i-f signals, which 
are commonly referred to as adjacent sound and video 
signals, can easily force their way through the video i-f 
circuits because they fall on the skirts of the response 
curve. The adjacent video if signal is 6 Mc away from 
the desired video i-f signal and the adjacent sound i-t 
signal is 6 Mc away from the accompanying sound i-f 
signal or 1.5 Mc higher than the desired video i-f sig- 
nal. The traps are tuned to the frequencies of these in- 

ти 

Not all television receivers employ traps for each 
one of the possible interfering i-f signals; some re- 
ceivers use more than one trap tuned to the same fre- 
quency. In order to present a fair idea of where these 
undesired frequencies lie on the response curve af the 
video i circuits and to sbow how they help shape the 
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Fig, 16-69.—Ideal over-all video i-f response curve of a tele- 
vision receiver. 


curve, we have. 
sponse curve in 
of the over-all vi response curve will vary from 
that shown according to the type of coupling between 
the video i-f stages and the number of different traps 
employed. 

The frequencies indicated on the drawing are from 
a receiver that has a desired video i-f carrier of 25.5 
Me, point C. The sound i-f carrier, point B, being 4.5 
Mc less, hasa frequency of 21 Mc. The adjacent video 
and sound i-f carriers, points A and D respectively, 
therefore, have frequencies of 19.5 Mc and 27 Mc, re- 
spectively. The video i-f interfering signal comes from 
the upper adjacent channel and the adjacent sound i-f 
interfering signal comes from the lower adjacent chan- 
nel. This is all predicated upon the assumption that the 
desired channel and either adjacent channel do not 
have any frequency separation between them. 

There are some places where such traps are сот- 
monly found. In many cases the traps are located in the 
plate circuits of the different video i-f amplifiers. At 
other times they will be found somewhere in the coup- 
ling between the video i-f amplifiers. In still other re- 
ceivers, these traps are found in the cathode circuits of 
the video i-f amplifiers. Wherever they are found, their 
basic action is still the same as previously described. 

Many of the conventional type receivers employ a 
4,5-Mc trap somewhere between the output of the video 
detector and the grid of the picture tube. This trap is 
inserted to prevent any possible 4.5-Mc beat-note sig- 
nal that may appear in the output of the detector from 
also appearing at the input to the picture tube. This 
trap is also sharply tuned and has to be aligned to its 
proper resonant frequency, as well as the other traps. 


HF Trop Alignment. 

Many television receiver manufacturers suggest 
ligning these traps with a vacuum-tube voltmeter in- 
tend of an oscilloscope. The use of such a voltmeter 
does not take the process any faster than when an 





oscilloscope is used. In fact an oscilloscope would be 
preferable because it has to be used for alignment of the 
video i-f response anyway. In most cases the oscillo- 
scope or vacuum-tube voltmeter is placed at the same 
point no matter which is used. This point is usually 
across the load of the video detector or of the age recti- 
fier of the receiver or at some point after either of these, 
Whatever kind of indicating device is used, in practi- 
cally all cases an a- signal (usually audio-modulated ) 
is employed for alignment of these traps. The fre- 
quency of the a-m signal is set to the resonant frequency 
of the trap to be aligned. In most cases the trap is tuned 
to produce a minimum indication on the meter or 
oscilloscope. 

‘The reason the indicating device is placed after a 
diode detector of the system is to have this diode de- 
modulate the a-m signal. The resulting output signal, 
which is usually audio, will appear on the oscilloscope 
as a sine wave, and will only cause a deflection on the 
vacuum-tube voltmeter. Whatever device is used as the 
source of a-m signal, it should be accurately calibrated 
because the traps are sharply tuned. If the marker gen- 
erator has provision for a-m, then it should be used. 
Some manufacturers suggest lining up the traps during 
the alignment of the video i-f circuit while others rec- 
ommend their alignment as a separate procedure. In 
this section, trap alignment is being considered as an 
individual part of the alignment procedure of the tele- 
vision receiver. 

‘The input impedance of the oscilloscope is such that 
when it is placed across the video detector or age recti- 
fier load, it may cause appreciable change in the effec- 
tive load on the tube. If this happens it is suggested 
that a resistor of about 100,000 ohms be inserted be- 
tween the high side of the vertical input to the oscillo- 
scope and the load of the tube in question. 

There are certain prealignment adjustments recom- 
mended before alignment of the traps and video i-f cir- 
cuits. These adjustments are definitely not the same for 
all types of television receivers. They vary with the 
type of indicating device to be used, where it is to be 
placed, the type of circuits employed, and the general 
design of the receiver. A representative set of prealign- 
ment adjustments are as follows. The high-frequency 
oscillator and r-f sections are disabled by either remov- 
ing the front end tubes or by tuning to an unused chan- 
nel. The contrast control is usually placed in the center 
of its range, or in a total clockwise position, and re- 
mains there. A fixed bias is applied to the tubes that 
normally have agc bias. This bias is necessary to simu- 
late an operating age voltage. This is also necessary for 
video i-f alignment as will soon be seen. There are 
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various ways of applying this bias voltage and they de- 
pend upon the circuit design of the television receiver. 
It is beyond the scope of this section to list all the dif- 
ferent methods of bias hookup. The exact bias neces- 
sary and the manner of applying it are normally given 
in the manufacturer's service notes that accompany the 
television receiver, 

‘Once all these prealignment adjustments are made, 
it is a simple matter to align the traps. The a-m input 
signal lead can be connected in either of two ways. One 
method is to attach it to the grid of the tube preceding 
the first trap and to keep it there for all of the trap ad- 
justments. The other method, and the one usually rec- 
‘ommended if there is enough signal amplification, is to 


place the a-m input signal only at the grid of the ampli- 
fier preceding the trap or traps to be aligned. 
Whichever method is used, the input signal (ampli- 
tude-modulated at about 30 per cent) should be set to 
the required resonant frequency of the trap to be 
aligned, The trap is then adjusted to produce, on the 
Oscilloscope, a sine wave of minimum amplitude. A 





properly tuned, it will suppress the incoming signal to 
the best of its ability and hence only the weakest signal 
passes through. Every time a different type of trap is 
aligned, the generator should be set to that trap's 
proper frequency and the trap aligned for a similar 
minimum signal output. In the alignment of i- traps 
the linear sweep of the oscilloscope is used as the hori- 
sontal-deflection voltage. 


45Mc Trap Adjustment in Conventional Receivers. 

We mentioned previously that in many conventional 
television receivers a 4.5-Mc trap or two may be em- 
ployed somewhere between the output of the video de- 
tector and input to the picture tube. In most cases a 
single trap is used and it usually appears between the 
first and second video amplifiers or between the last 
video amplifier and the input to the picture tube, 

Since the trap should be resonant to 4.5 Mc, a signal 
of this frequency is heeded to align it. This a-m signal, 
after passing through the trap, must be detected for 
most service oscilloscopes to respond to it. Since the 
trap appears after the video detector of the receiver, a 
probe detector must be used somewhere after the trap. 
In many cases the probe detector is inserted between 
the oscilloscope and the terminal leading to the input 
of the picture tube. If the trap appears between two 
stages of video amplification, it may be possible to con- 
nect the probe detector to the output circuit of the tube 
following the trap. 


The output cable of the a-m generator should be con- 
nected to the grid of the first video amplifier if the trap 
appears after this tube, which is usually the case. If the 
trap appears between the video detector and first video 
amplifier then the a-m signal should be connected 
somewhere before the trap and the output of the video 
detector. Care should be taken that the generator does 
not cause any undesired loading effects on the trap 
because this may cause erroneous alignment. 

After the proper oscilloscope, probe detector, and 
generator connections have been made, the trap is then 
aligned to produce a minimum sine-wave signal on the 
oscilloscope. This is similar to the alignment of the if 
traps. Do not increase the output of the generator to 
the point where it may cause overloading of the video 
amplifier in question. Also since we are tuning for a 
minimum signal on the oscilloscope the output of the 
generator should not be kept too low because the os- 
cilloscope may not register any pattern when the trap 
is tuned through its resonant frequency. 





‘Video LF Stages 


We now come to the most important part of the tele- 
vision receiver that requires alignment, namely, the 
video i-f system. The number of video i-f amplifiers and 
hence the number of tuned coupling circuits is not the 
same for each television receiver. The type of coupling 
also varies with the different models, Single-peaked, 
stagger-tuned, and over-coupled i-f circuits are the 
types most commonly employed in television receivers. 
These circuits can be either single or double tuned, In 
many stagger-tuned circuits each of the interstage 
coupling circuits is tuned to a different frequency. In 
most overcoupled circuits, the individual stages are 
generally all tuned to the same frequency. However, 
the coupling between the primary and secondary of 
each intérstage i-f transformer is great enough to pro- 
duce the desired bandwidth. 

Visual alignment of these stages can be performed 
by using the video detector of the receiver, to which the 
oscilloscope is connected, or a probe detector for align- 
ment of each stage individually. The sweep generator 
employed should be capable of a 10-Mc sweep width 
and also a frequency range to cover all the i's of the 





analysis, the over-all video i-f response, which includes. 
the response of all the i-f tuned circuits, must be 
checked on the oscilloscope. For this check, the marker 
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(A) 





Fig. 16-70.— Ideal overall video i- response curve: (A) for 
the conventional type of receiver ; (B) for the intercarrier type 
of receiver; and (C) for the intercarrier type which tunes 
above and below the incoming signal. 


generator is definitely needed. It is the final shape of 
this over-all video i-f response which determines 
whether or not the alignment is correct. 

The ideal shape of this over-all video i-f response 
for the conventional receiver has already been indi- 
cated in Fig. 16-69 and it is repeated jn part (A) of 
Fig. 16-70 with only the notations that are of interest 
to us at the moment. The right slope must be fairly 
broad compared to the left slope which should be fairly 
steep. The video i-f carrier should fall approximately 
in the center of the right slope as indicated by point b 
in the drawing. In other words the response at point b 
should be about 50 per cent of the average maximum 
response of the curve. Some manufacturers specify that 
if the video if carrier falls along the right slope any- 
where between 40 and 60 per cent of maximum re- 
sponse, receiver performance will be acceptable. Point 


а оп ће left side of the curve of Fig. 16-70A repre- 
sents the carrier of the accompanying sound if, and 
there should be negligible response at this frequency. 

Part (B) of Fig. 16-70 represents an ideal over-all 
video i- curve of the intercarrier type of television re- 
ceiver. The right side of this curve should be the same 
as that of the conventional type of receiver. Point d 
represents the video if carrier and it occurs at a re- 
sponse point of about 50 per cent of maximum. In 
intercarrier receivers, a certain amount of sound i-f 
signal must come through. The step on the left side of 
the response ideally indicates the shape desired, where 
point c represents the sound i-f carrier. However, the 
majority of television receivers simply have the left 
side of the response shaped as indicated by the dashed 
line m Fig. 16-70B. Although the former shape is ex- 
actly what is desired, the other shape, which also allows 

i-f signal through, is used 
because it is simpler to obtain in practice. 

In intercarrier television receivers where the high- 
frequency local oscillator is tuned above and below the 
incoming television signal (for the low and high chan- 
nels respectively) a different type of over-all video i-f 
response is required, The ideal curve is shown in Fig. 
16-70C hy the solid line. Points ¢ and g indicate the 
sound and video i-f carriers respectively when the os- 
cillator iy tuned above the incoming television signal 
and points fand h are the respective video and sound i-f 
carriers when the oscillator is tuned below the incoming. 
television signal. Video carrier points f and g should 
be at approximately 50 per cent of the maximum re- 
sponse. The sound carriers e and h should fall approxi- 
mately in the center of the steps on the sides of the 
drawing. The dashed lines on both sides of the draw- 
ing of Fig. 16-70C indicate the shape generally used in 
practice because of the difficulty in obtaining the steps 
оп both sides of the curve. 

In intercarrier receivers the exact response to the 
sound i carrier [see parts (B) and (C) of Fig. 
16-70} will be found to vary whether or not a step for- 
mation is used. There will be found cases where the 
response suggested is almost 20 per cent of maximum 
and at other times as little as 5 per cent. As we have 
always mentioned, the alignment procedure recom- 
mended by the manufacturer should always be fol- 
lowed. However, it is important to point out in this 
section that too high a sound i-f response in inter- 
carrier receivers, especially those that do not shape 
the response somewhat in step fashion, usualy causes 
ıa distorted sound output. In most cases this sound i-f 
response should not be more than about 10 per cent 
of maximum. 
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Of course, if an intercarrier receiver is specially de- 
signed to produce a certain shape response curve, very 
little can be done to change the response of the left 
‘side, unless perhaps special traps are already employed 
in the receiver. In the following analysis of the sug- 
gested methods of video i-f alignment, the shape of the 
over-all video i-f response will be discussed last. 


Alignment of Video FF Stages 


The exact methods of aligning the video if stages 
vary quite a good deal for different receiver models 
even though, in the end, they all require over-all video 
H responses that are somewhat similar to each other. 
Before the alignment procedure is to be started, the 
required prealignment adjustments should be made. 
One very important adjustment, as mentioned pre- 
viously, is the use of a fixed bias on the tubes that 
normally have age voltage on them. It is usually sug- 
gested that the bias be the same as the value of age 
voltage on the tubes when the receiver is in normal 
operation, The exact bias values and the method of 
obtaining them usually can be found in the manufac- 
turer's service notes. In some cases the necessary bias 
is obtained from within the receiver itself and in other 
cases a bias battery is used and age rectification is made 
inactive by removal of the age rectifier or age amplifier 
tube, if one is employed. The high-frequency oscillator 
and front-end tuned circuits are effectively made in- 
operative by tuning the channel switch to a “dead 
spot" on the dial (such as between two channels, be- 
tween channels 12 and 13 if possible, or to an unoccu- 
pied channel) or by removal of the oscillator tube. 

Since the required positioning of the contrast con- 
trol will vary for different receiver models, itis diffi- 
cult to make one comment about a prealignment adjust- 
ment of this control that will hold true for all of them. 
Jf the control regulates the bias on the video i-f stages, 
then it should remain in the extreme counterclockwise 
position or at a point where it will not cause overload- 
ing of any of the tubes. On the other hand, if the con- 
trol appears somewhere after video detection, its regu- 
lation may nog bê as rigorously determined as in the 
other case. Tf no regulation of this control is suggested 
by the manufacturer, it should be set at its midposition. 

The alignment proper of the video i-f stages usually 
starts with the last i-f stage and works backward. There 
аге some manufacturers who suggest aligning the first 
id transformer first (that at the output of the front-end 
converter tube) because of special circuit conditions. 
Our analysis will be based on the former method be- 
cause it is the one most often used. 


As mentioned in the alignment of the trap circuits, 
the video-detector circuit is, in practically all cases, a 
single diode detector and hence the vertical input of the 
oscilloscope is effectively placed across the diode load. 
Ii the video i-f signal is fed to the plate of the detector, 
the load will be in the cathode circuit and vice versa. 
In the majority of cases the input video i-f signal is fed 
to the cathode of the video detector and the load ap- 
pears in the plate circuit. Care should be taken lest the 
‘oscilloscope change the detector load by any appre- 
ciable amount. If this appears to be happening, insert 
2 100,000-ohm resistor in series with the high side of 
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appear four typical video-detector circuits. In each сіт 
cuit the video i-f signal is shown fed to the cathode of 
the tube. The detector load appears in the plate circuit 
of each tube. Each loading network is different from 
the others. The coils in each plate circuit function as 
high-frequency compensators (see Chapter 10). The 
tunable L-C circuit of part (D) represents a typical 
4.5-Me trap as used in conventional television re- 
ceivers Point И in each drawing indicates the place 
where the high side of the vertical input of the oscillo- 
scope is generally placed. In some cases manufacturers 
suggest placing the oscilloscope at the plate of the first 
video amplifier. 

‘The f-m output cable of the sweep generator is con- 
nected to the grid of the video i-f amplifier preceding 
the last i-f stage to be aligned. The marker generator 
is also used because it is the only way to tell the re- 
sponse at different frequencies. The exact marker fre- 
quencies to be used depend upon the intermediate fre- 
quencies of the receivers, and are usually given by the 
manufacturer in his alignment notes. These frequen- 
cies center around 25 Mc, 35 Me, and 45 Me. The fre- 
{quency control of the sweep generator is set to the if. 
of the circuit to be aligned and the sweep-width con- 
trol advanced to the point where more than the com- 
plete curve will be seen, The amount of sweep width 
used is generally about 10 Me. 

If the video i-f circuits are stagger-tuned, the reso- 
nance curve of each circuit will probably be single 
peaked. If the circuits are all overcoupled then each 
will have a double-peaked resonance curve. If the 
marker-generator frequency is the same as that of the 
resonant frequency of the tuned circuit, then, when the 
circuit is properly aligned, the marker will be seen at 
the péak of the curve. In other words, in single-peaked 
circuits proper alignment will be indicated when the 
‘curve has its maximum response at the required reso- 
nant frequency of the tuned circuit. The double-peaked 
curve that results when the Jast stage is overcoupled 
can be either symmetrical or asymmetrical in shape. 
For double-peaked asymmetrical curves it is dificult 
to tell when proper alignment is attained unless we 
know the exact shape to look for and where certain 
frequencies are supposed to fall. Examination of actual 
single- and double-peaked alignment curves of differ- 
ent television receivers will indicate the variations that 
exist. 

The three curves of Fig. 16-72 all represent the re- 
sponse of the last video i-f transformer but each is 
froma different stagger-tuned television receiver. Note 
how the exact required shape varies even though each 
is single peaked. The marker at the peak of each curve 
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Fig 16-72—Response curves of the last video i-f trans- 
formers in three different stagger-tuned television receivers, 


represents the resonant frequency of the tuned circuit 
in question. Curves (A) and (C) were obtained from 
conventional type receivers. The marker at the left side. 
of each curve represents the effect of proper tuning of 
the adjacent video i-f trap. The attenuation afforded 
by these traps should be such that there is little or no 
response at these frequencies, as indicated in the draw- 
ings. The curve of part (B) is from an intercarrier type 
receiver. It can be seen from these drawings that it is 
‘easy to align such transformers without knowing the 
‘exact shape of the curves. All that need be known is 
the resonant frequency of the video i-f stage and the 
frequencies of any traps that are employed in this stage. 
‘The two curves of Fig. 16-73 represent the double- 
peaked responses of the last video stages of two 
different receivers. Curve (A) is a symmetrical double- 
peaked response whereas curve (B) is an asymmetrical 
response. For correct alignment of these stages not 
only should the if, stage of the proper receiver have 
the shape shown but the markers should fall as ind 
cated. An interesting feature of curve (A) is the indi- 
cation of the manufacturer that the voltage difference 
between the peaks and trough should be about 0.2 of 
the maximum amplitude of the curve. For curve (B) 
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Fig. 16-73.—Double-peaked response curves of the last video 
i- stages of two different receivers 


the 26.4 Mc marker (which happens to be the video i-f 
carrier of the receiver) can fall within the specified set 
of limits. The small peak on the left-hand side of curve 
(B) tells us that traps are employed between the last 
video i-f stage and the video detector. Curve (A) does 
not indicate such traps even though both curves are 
taken from conventional type receivers. 


Other Video IF Stages 


After the last i-f stage is aligned, the only change 
made in the connections is the placement of the f-m 
‘output cable at the grid input to the video i-f amplifier 
stage preceding the one to which it was previously 
connected. The frequencies of the sweep and marker 
generators are changed to those required for the align- 
ment of the next stage. In visually aligning this stage, 
whether it be loosely coupled or overcoupled, it should 
be remembered that the final response curve is the re- 
sult of the combination of the last two video i-f stages. 
This means that the response seen on the oscilloscope 
will be different from that of the stage by itself. It is 
difficult t this point in the alignment procedure and 
also for the rest of the alignment (excluding the final 
over-all video i-f curve) to discuss response shaping 
that may fit all receivers. The shape of this curve 
should be made to conform to that required by the 
manufacturer. 

After this stage is aligned, the f-m output cable of 
the sweep generator is moved to the stage preceding the 
опе just aligded and the necessary frequency changes 
made in the generators. This method is continued until 
the very first video i-f transformer is to be aligned. In 
each case the alignment is made to produce the recom- 
mended response. Some manufacturers suggest short- 
ing the video i-f coil preceding the one to be aligned (by 
simply placing a jumper across it) so that it will not 
have any possible influence on the response curve. The 
short is removed when that stage itself is to be aligned. 
This procedure should be carried out if it is found that 


the tuned stages preceding the one being aligned cause 
trouble. 

After all these alignments are made, the first video 
i transformer, often referred to as the converter 
transformer, is aligned last. For this stage the f-m out- 
put cable of the sweep generator is connected to the 
grid circuit of the converter tube. In some receivers it 
may be very difficult to get the cable at the grid pin to 
this stage because the converter tube is usually located 
in the front-end tuner, which is a mechanically com- 
pact unit. One method of getting around this difficulty 
is to make a simple adapter. Take a piece of shielded 
wire about 3 inches long, strip off about one-half inch 
of insulation, tin the exposed wire and bend it in the 
form of a small loop and solder the loop as indicated 
in the exaggerated drawing of Fig. 16-74A. The actual 
mean diameter of the loop should be about Ye of an 
h. The loop is then inserted under the grid pin of the 
r tube and the rest of the wire held against the tube 
with a rubber band or a piece of scotch tape. The tube 
is then inserted in its socket. The f-m output cable of 
the sweep generator is connected or coupled to this 
wire. 

















Fig, 164.— Simple adapter for aligning the converter 
transformer. 


After proper connections have been made, the first 
video i-f transformer is aligned to produce a final over- 
all video i-f response curve that resembles the ideal 
curve of Fig. 16-70A as closely as possible. There are 
quite a number of acceptable variations in this final re- 
sponse curve, as we shall soon ste. Before we discuss 
these variations let us study a series of typical video 
if alignment pictures recommended by different manu- 
facturers for their receivers. 

The four curves of Fig. 16-75 are for a receiver em- 
ploying overcoupled video i-f stages. Four video if 
transformers and three video i-f amplifiers are ‘used, 
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Curve (A) is the response of the last i-f stage, curve 
(B) that of the last two stages, curve (C) is for the 
second, third, and fourth stage, and curve (D) is the 
over-all video i-f response. Note the suggested ampli- 
tude characteristics and required marker positions. 
For comparison purposes we have illustrated in Fig. 
16-76 four video i-f alignment curves of another re- 
ceiver also employing four overcoupled stages. They 
are illustrated in the order, (A) through (D), corre- 
sponding to the previous drawing. Note how the shapes. 
of the curves for the same stage in each drawing differ 
from each other. 

The curves of Figs. 16-75 and 16-76 are for over- 
coupled video i-f stages of conventional-type receivers. 
The response curves of Fig. 16-77 are those required 
for a typical intercarrier television receiver employing 
stagger-tuned circuits. The same number of stages are 
‘employed in this receiver as in the previous one, and 
the curves are in the same order as in the previous 
figures. Notice that a 47.25-Mc marker is indicated in 
the over-all response of curve (D). The dip in the 
curve at this frequency is due to an adjacent sound i-f 
trap which is employed between the converter and first 
video i-f stage of this intercarrier receiver. 

Comparison of Figs. 16-75, 16-76, and 16-77 illus- 
trates the marked differences in the shapes of the re- 
sponses required for video i-f alignment of different 
television receivers. Although the curves are shown 
inverted in the figures they may appear upright in 
practice. Whatever the position of the curve, its fre- 
quencies can very easily be determined by the use of 
marker signals, 
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Over-All Video IF Alignment 


Part (D) of Figs. 16-75 through 16-77 illustrates 
over-all video i-f response curves. Although they all 
appear markedly different in shape, each one neverthe- 
less produces the desired results. Let us analyze these 
three curves plus the three new over-all video i-f curves 
of Fig. 16-78 and see how each conforms t 
ments, While we are doing this, let us bear in mind that 
the frequency response is from left to right whether the 
curve is upright or inverted. 

Curves (A) and (B) of Fig. 16-78 and (D) of Figs. 
16-7 and 16-76 are for the conventional-type receivers 
whereas curve (D) of Fig. 16-77 and curve (C) of 
Fig. 16-78 are for intercarrier receivers. On the basis 
of these curves we can summarize the important re- 
quirements and comments concerning over-all video 
irf response. 

1. The video carrier has to fall on the right slope of 
the curve somewhere between 40 and 60 per cent of the 





average maximum response. It is preferable to have - 


this response as close to 50 per cent as possible. A 
marker signal at the video if. is used to check this 
point on the curve. 

2. For conventional-type receivers there should be 
no response at the accompanying and adjacent sound 
i carrier and adjacent video i-f carrier frequencies. 
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This can be checked by marker signals at the proper 
frequencies, Even though the i-f traps may have been 
previously aligned, they may require a slight retuning 
to bring the response curve to the desired shape. The 
effects of these traps are generally indicated on the ex- 
tremes of the curves by small dips. 

3. The shape of the response about the midfrequen- 
cies of the curve is not too critical, as can be seen from 
the various curves illustrated. Ideally, the response at 
these frequencies should be flat but variations are al- 
lowed as indicated. The response at the midfrequency, 
however, should not dip too low. 

4. For intercarrier receivers there should be a cer- 
tain amount of response at the sound i-f carrier fre- 
quency. This is evident from Figs, 16-77D and 16-78C. 
‘The response of both curves at the sound i-f is approxi- 
mately 10 per cent of maximum. It will be noted that 
the left side of each curve does not contain a step but 
has a gradually decreasing slope. An over-all video it 
response curve of an intercarrier television receiver 
that uses a step on the left side of the curve, whose am- 
plitude is at 10 per cent of the maximum response, is 
shown in Fig. 16-79. A 21.75-Me marker is shown 
spotting the sound i. of the receiver. 

5. Wherever it is deemed necessary, marker signals 
should be employed to check frequency points along 
the curve other than those of the accompanying and 
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Fig. 16-79-—Over-all video i-f response curve of an inter- 
carrier receiver that uses a step on the leht side of the curve 


adjacent sound and video i-f carriers. For example in 
the curve of Fig. 16-75D, a 22.9-Mc marker is used to 
indicate the frequency at which the smaller peak should 
fall. In Fig. 16-76D four extra marker signals, at fre- 
quencies of 22.4, 22.9, 24.1, and 25.65 Mc, are used to 
indicate other parts of the response curve. Extra 
marker signals are also evident in Figs, 16.770 and 
1678A. 
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Intercarrler Receivers Tuned Above 
and Below the Incoming Signal 


In Fig. 16-70C we illustrated the ideal over-all video 
if response curve for intercarrier receivers where the 
local oscillator is tuned above and below the incoming 
signal for the low and high bands, respectively. The 
alignment of the video i-f stages to produce such over- 
all curves is done in a manner similar to that previously 
discussed. The same type of prealignment adjustments 
have to be made. The connections and control manipu- 
lations of the sweep generator and oscilloscope are also 
the same, 

The exact manner in which the curve shapes up as 
each stage is aligned will vary according to the type of. 
coupling employed. Whatever the case may be, in the 
end the over-all video i-f response should be symmetri- 
cal about the midfrequency of the curve. Let us ex- 
amine a series of video i-f curves of a typical inter- 
carrier receiver employing such tuning. The patterns 
appear in Fig, 16-80. 

Curve (A) is the response of just the last i-f trans- 
former. Note the required symmetry and positions of 
the markers. Curve (B) is the resultant response of the 
last three i-f transformers of the receiver. Notice that 
the required symmetry is still carried through. The 
final over-all video i-f response is illustrated by curve 
(C). This response includes four video i-f amplifier 
stages. The use of marker signals is very important in 
checking these curves. The sound and video i-f car- 
riers for the lower channels are 41.25 Mc and 45.75 
‘Me, respectively ; the sound and video i-f carriers for 
the upper channels are 47.25 Mc and 4275 Mc 
respectively 

Note that the video i-f carriers are required to fall 
“two times down” (2X) which means that their am- 
plitude should be about 50 per cent of the maximum 
amplitude, Also note that both sound i-f carriers are 
marked as having a response at 20 times down (20X) 
which is five per cent of the maximum amplitude. The 
43.5-Mc and 45-Mc markers are used to identify those. 
Parts of the curve where the amplitude starts to de- 
crease from its maximum value. 

Although the over-all video i-f response indicated 
above is for a particular receiver it can represent the 
type of curve that should be sought in those intercarrier 
receivers where response curves are not available. In 
the alignment of such receivers, the most important 
criterion is the shaping of the sides of the curve; this 
shaping should be such that the if markers fallas indi- 
cated in Fig. 16-80C. Slight variations of these marker 
points are permissible but the curve should remain as 
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video i-f response curve of an intercarrier receiver tuned above 

land below the incoming signal. 








symmetrical as possible, The response between the two 
slopes of the curve should ideally have a level charac- 
teristic, as indicated between the 43.5-Mc and 45-Mc 
markers in Fig. 16-80C, but variations can exist. There 
may be a dip in the center of the curve but its height 
should not be less than 70 per cent of the maximum 
amplitude. 





Single-Stage Video LF Response 


It may often be desirable to align the video i-f sys- 
tem by visually observing the response of each if stage 
by itself. There are two methods by which this can be 
accomplished. One method is to use a traveling probe 
detector and align each stage individually for the re- 
quired response. For this method the f-m output cable 
of the sweep generator is connected to the grid of the 
video i-f amplifier preceding the i- tuned circuit to be 
aligned. The receiver side of the probe detector is con- 
nected to the plate circuit of the video i-f amplifier fol- 
lowing the i-f tuned circuit being aligned. During this 
process marker signals can be used to identify fre- 
quency points on the curves. 

‘The other method uses the video detector of the re- 
ceiver instead of a probe detector. The tuned circuits 
in the alignment path, other than the one being ad- 
justed, are loaded down to the point where they have 
negligible response characteristics. There are two pos- 
sible alignment procedures for this latter case. One is. 
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to connect the f-m output cable of the sweep generator 
to the converter grid circuit and this connection re- 
mains as is for the complete video i-f alignment proce- 
dure. The vertical terminals of the oscilloscope are 
placed across the video detector load and the modulat- 
ing sine-wave output from the sweep generator fed to 
the horizontal input of the oscilloscope. The video i-f 
transformers and tuned circuits not being aligned are 
shunted with resistors of 300 to 500 ohms to load them 
down. 

The frequency control and sweep-width control of 
the sweep generator are adjusted to produce a com- 
plete pattern upon the oscilloscope. With the desired 
pattern known, the proper video i-f circuit is aligned 
to produce this pattern; markers should be used to 
check frequency points. After one stage is aligned it is 
shunted with a resistor and the shunting resistor across 
the next stage to be aligned is removed. The frequency 
and sweep-width controls of the sweep generator are 
readjusted, if necessary, to produce a complete curve. 
on the oscilloscope. The circuit is then aligned to pro- 
duce the required response. This method of alignment 
is carried out for each video i-f stage. The sequence of 
alignment is not too important but, for reasons of sim- 
plicity, it is suggested to start from the last i-f trans- 
former and work backward. 

For the other procedure the sweep generator is 
placed at the grid input to the stage preceding the video 
i£ circuit to be aligned. Only those i-f tuned circuits 
other than the one being adjusted, which are in the path 









of the input signal are loaded down. After each stage is 
aligned, it is loaded down with a low-valued resistor 
and the sweep generator is moved to the amplifier grid 
preceding the i-f transformer to be next aligned. 

Once the alignment of each i-f stage is carried out in 
this manner, all the loading resistors are removed and 
with the sweep generator remaining as in the last align- 
ment, that s at the converter grid, the over-all video i-f 
response is checked, This over-all response should then 
appear as the required resultant waveshape. A small 
amount of tuned circuit readjustments may be neces- 
sary to reshape the curve slightly so that its response 
around certain marker frequencies will be correct. 

As an example of how such individual alignment 
curves appear, we have included some actual pictures 
from a typical stagger-tuned conventional-type tele- 
vision receiver. These are in Fig. 16-81. They are ar- 
ranged starting with the response of the last i-f trans- 
former and continuing backward, Curve (A) is the 
response of the fifth video i-f transformer, which is the 
last one of the receiver. Curves (B), (C), and (D) are 
the responses of the fourth, third, and second video i-f 
transformers, respectively. The video i-f transformer 
arrangement lying between the converter and first 
video if amplifier is somewhat different from the 
others and possesses a double-humped characteristic 
as indicated by pattern (E). Note the marker signals. 
pointing out where certain frequencies should appear. 
The large dips in the center of the curves of patterns. 
(C) and (D) are the results of sound i-f traps em- 
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Fig. 16-82.— Other video i-f response curves of the receiver 

of Fig. 16-81: (A) is for all of video if stages except the first; 
(B) fs the over-all video if response. 





ployed in these stages. A 21.25-Mc accompanying 
sound i-f trap causes the dip in pattern (C) and a 
27 25-Mc adjacent sound i-f trap causes the dip in pat- 
tern (D). 

For comparison purposes we have included the over- 
all response of all these i-f transformers except the first 
(ie. the second, third, fourth, and fifth) in part (A) of 
Fig, 16-82. In part (B) of Fig. 16-82 is the complete 
over-all video i- response curve of all the i- stages. We 
can consider this latter curve also as being the combi- 
nation of the curves of Figs. 16-81E and 16-82A. 


RF Alignment 

The type of tuner employed in a television receiver 
determines which shall be aligned first, the r-f tuned 
circuits or the oscillator. To pin down exactly which 
comes first for different types of tuners is a difficult 
task. We are going to follow the procedure recom- 
mended by the majority of television receiver manu- 
facturers, namely, the r-f alignment first and the oscil- 
lator alignment last. In some rectivers r-fand oscillator 
alignment is not required because the tuner is employed 
in a factory-sealed unit. Seldom will the r-f and oscil- 
lator stages require alignment. However, if alignment 
cof these sections is found to be necessary, the receiver 











should be sent back to the factory or to an authorized 
dealer. 

‘The most important thing in r-f alignment is to make 
sure that the tuned circuits for each channel are broad, 
enough and fairly level to be adequately responsive to 
both the video and sound r-f carriers. For any particu- 
lar channel these carrier frequencies are the same no 
matter what receiver we are dealing with. These fre- 
quencies are determined by the transmitter. The video 
and sound carriers are always 4.5 Mc apart, with the 
sound carrier always higher than the video carrier by 
this amount. In Table II appear the different television 
channels in use and the assigned frequency limits of 
‘each channel, In the third and fourth columns are listed. 
the transmitted video and sound-carrier frequencies, 
respectively. During the process of visually aligning 
the r-f stages for any one channel, a marker generator 
is required with signal frequencies equal to the video 
and sound r-f carriers of this channel, This is necessary 
in order to observe the response at these frequencies, 


TABLE II. 








ViDEO sounD 
CHANNEL CARRIER CARRIER 
CHANNEL FREQUENCY FREQUENCY FREQUENCY 
но. (мс) (мс) (мс) 
2 54—60 5525 5975 
3 60—66 6125 6575 
4 6—72 6725 7175 
5 76—82 7725 8175 
6 82—88 8325 8775 
7 174—180 1752 17975 
8 180—186 181.25 185.75 
9 186—192 18725 191.75 
10 192—198 19325 19775 
п 198—204 19925 20375 
12 204—210 20525 209.75 
13 210—216 21125 21575 


Prealignment Adjustments and Connections 


The alignment of the r-f section of the receiver has 
its share of prealignment adjustments as well as the 
other sections. The age voltage on the r-f tubes, if any 
such voltage is used, should be replaced by either a bias 
battery or from elsewhere within the receiver, The 
manufacturer usually recommends the best method to 
use on his receiver. The contrast control should be set 
so that it does not cause overloading of any of the tubes 
in the receiver. 

In most r-f alignment procedures, the fm signal 
from the sweep generator is fed to the antenna input 
terminals of the receiver. The method of connection is. 
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very important although not all manufacturers stipu- 
late this. For proper alignment the output impedance 
of the sweep generator and the input impedance of the 
receiver should be the same, that is, they should be 
matched, However, since the input impedances of tele- 
vision receivers vary, so will the output impedance of 
the various sweep generators be different. Whatever 
the case may be, it is possible to properly connect the 
sweep generator to the antenna input terminals through 
a special matching network. 

We have to consider whether or not the sweep gen- 
erator has provision for balanced and/or single-ended 
output and whether the input to the receiver is balanced 
or not; in the majority of cases, the receiver input is 
balanced, If the output impedance of the sweep gener- 
ator is balanced and equal to that of the balanced re- 
ceiver input, the sweep-generator cable is connected 
directly to the antenna input terminals, that is, no 
matching network is needed. There are some receivers 
that have provision for a choice of two input imped- 
ances, one usually being balanced and the other un- 
balanced. The unbalanced input is usually of lower im- 
pedance and sweep generators with single-ended out- 
puts can be used with this type of receiver input. 

If the sweep generator used has a single-ended out- 
put, it can be matched to a balanced receiver input in 
the manner shown in the circuit of Fig. 16-83. For this 
drawing the receiver input is assumed to be 300 ohms 
(as it is in the majority of cases). Three resistors are 
employed in the match, with one resistor inserted 
‘across the sweep-generator output cable. One of the 
resistors is made equal to 150 ohms and the other two 
are calculated on the basis of the output impedance of 
the generator. It is usually the cable employed with the 
generator (which is normally of the coaxial type) that 
determines the output impedance. In some cases, re- 
sistor R1 may be employed within the sweep generator. 








16-83. Crcit and able of values fr matching 
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The table in Fig. 16-83 indicates the desired values 
of resistors R1 and R2 for different values of generator 
Output impedance, for a receiver with a balanced input 
impedance of 300 ohms, The balance can be checked by 
calculating the impedance seen looking in the direction 
of the arrow, from the antenna terminals to the gen- 
erator. When looking in this direction, the total im- 
pedance seen is equal to the parallel impedance of RI 
and the generator, plus the series impedance of R2 and 
150 ohms. 

As an example let us assume the generator imped- 
ance to be equal to 50 ohms, hence RI and R2, as seen 
from the table, become equal to 56 ohms and 120 ohms, 
respectively. The parallel impedance of 50 and 56 ohms 
is approximately 29 ohms and when added to the series 
impedance of 120 ohms and 150 ohms, the total imped- 
ance becomes 299 ohms. Thus we see how such a match 
is obtained with a 300-ohm balanced input receiver. 
values given in the table are not too critical and 
ight variations are permissible. The primary requi- 
site in any match of this type is that the impedance seen 
in the direction of the arrow approach that of the re- 
ceiver input impedance. 

The frequency adjustment of the sweep generator 
should be set to the center frequency of the channel 
being aligned. This center frequency can be very easily 
calculated from the second column of Table II. For 
‘example, for channel 2, the center frequency is 57 Mc; 
for channel 3, it is 63 Mc; for channel 11, it is 201 Mc. 
and so on. The sweep of the generator should be 
capable of sweeping over a complete channel. Since it 
is advisable to see more than the complete curve, a 
sweep width of about 15 Mc is suggested. If the gen- 
erator is not capable of such a sweep width, the maxi- 
mum sweep available should be used. The amplitude 
control of the f-m output signal is adjusted to produce 
a noticeable deflection on the oscilloscope without 
causing any overload of the receiver stages. The sine- 
wave modulating signal output from the generator is 
connected to the horizontal input terminals of the 
oscilloscope. Х 

Unless otherwise noted in the manufacturer's serv- 
ice notes, the high-frequency oscillator is made inoper- 
ative either by pulling out the oscillator tube, grounding 
the oscillator grid, or by any other method. Whatever 
method is used, it should not cause any impedance 
changes or loading effects on the tuned r-f circuits. The 
fine tuning control should be set at the center of its 
range. There are unusual cases where the precision 
alignment of a single oscillator stage (usually channel 
13) is required before alignment of the r-f stages 
started. < 











VISUAL ALIGNMENT OF A-M. F-M, AND TELEVISION RECEIVERS 619 


Connecting the Oscilloscope 

In the alignment of the r-f stages there are three 
principal methods of connecting the oscilloscope. In 
each case the vertical terminals of the oscilloscope must 
follow a stage of rectification. One common method is 
to connect the’ vertical terminals of the oscilloscope 
‘across the video detector load. The response curve ap- 
pearing on the oscilloscope for each r-f alignment in 
this case will be the resultant of the over-all video i-f 
response plus that of the r-f response. For this proce- 
dure the video i-f stages must be correctly aligned. 

Another method makes use of a probe detector. The 
receiver terminals of this detector are usually connected 
to the output circuit of the converter tube. In this man- 
ner only the response of the r-f tuned circuits will ap- 
pear upon the screen of the oscilloscope. If the probe 
is to be used in any other r-f section of the receiver, 
care must be taken that it does not cause any loading 
effects on the r-f tuned circuits. 

A third method makes use of grid-current flow in the 
converter circuit during the alignment process. In ef- 
fect the cathode and grid of the converter act as a rec- 
tifier in a manner similar to the action of the grid and 
cathode of a limiter tube. Ina situation such as this, the 
vertical terminals are usually placed across the proper 
grid resistor in the converter circuit. If the grid resistor 
is not of the proper value or if it is not easily accessible, 
many manufacturers insert a special resistor or testing. 
point for this alignment process. If the grid 
used in the circuit is low, then insert a large resistor 
(about 100,000 ohms) in series with the high side of 
the vertical input terminals. This resistor is used to 
prevent the oscilloscope from loading down the grid 
circuit of this tube, Sometimes the oscillator section of 
the receiver is made operative because in certain cases, 
only with the oscillator working, is it possible to have 
grid current flow in the converter circuit suitable for 
rf alignment purposes. 


Sequence of Alignment 

In many cases the alignment for the tuned r-f stage 
of one channel will affect the alignment of other chan- 
nels, This is so because, in many instances, the induc- 
tances of all or some of the r-f tuned circuits are part 
of a single coil, where the desired amount of inductance 
is chosen by a switch or a continuous tuner. A simpli- 
fied drawing of a case where a switch is used is illus- 
trated in Fig. 16-84, The tuning capacitors are omitted 
from this drawing. The coil in the grid of the rf tube 
represents the tuned antenna stage and the other coil 
is part of the second tuned r-f stage. The coils shown 














16-84 —R-f stages in which channel tuning is accom- 
by tapping a single coil. 





are for the high television bands only (channels 7-13) ; 
a similar arrangement is assumed for the low band, 

Since channel 13 has the highest frequency, the in- 
ductance of its tuned circuit will be the smallest and 
hence channel 23 is normally aligned first. The switch 
in the drawing of Fig. 16-84 should be connected to 
terminal number 13 for this operation. After channel 
13 alignment, channels 12, 11, 10, etc., are aligned in 
descending order. In the alignment of any one channel, 
the inductances of all the channels lower in number 
than the one being aligned are shorted out by the 
switch. This means that when the switch is on a partic- 
ular channel, for example channel 11, as shown in the 
"drawing, only the inductance between point A and tap 
number 11 on the coil is effective for the r-f tuned cir- 
cuits of channel 11. 

From this method of tuning we see that the induc- 
tance of any tuned circuit includes the inductances of 
the channels higher in frequency than the one being 
aligned. Consequently we see that the alignment of any 
‘one channel depends upon the alignment of the higher 
channels. In the drawing, with the tuning switch set to 
channel 11 for alignment purposes, the r-f tuned cir- 
cuits of channels 13 and 12 should already have been 
aligned. 

In many television receivers only one or two induc- 
tances may be varied for a complete set of channels 
(high or low). In a situation such as this, it is equally 
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important to align the proper channel first. The channel 
aligned first is the one that has its inductance variable 
and is usually the higher-frequency channel of the band 
in question, It should also be remembered that this 
variable inductance may be part of the tuned r-f circuit 
of other channels. 


Alignment Procedure 


In the alignment of the r-f section of a television re- 
ceiver, as well as the oscillator section, it is very impor- 
tant to have a diagram of the trimmer locations. The 
word “trimmer” as it is used here refers to both capaci- 
tive and inductive tuning components. Such informa- 
tion is usually given in the service notes of the receiver. 
With the trimmer locations known, the general r-f 
alignment procedure is as follows. 

With the sweep generator properly connected to the 
antenna input terminals, sct the generator frequency to 
the center of the first channel to be aligned. As men- 
tioned previously, this channel is usually the one that 
has its tuned circuit inductance variable. The oscillo- 
scope may be placed across the video detector load, at 
the converter grid as outlined previously, or a detector 
probe may be used. 

If the oscilloscope is placed at the grid of the con- 
verter tube, marker signals of the exact video and 
sound r-f carriers of the channel being aligned (see 
Table 11) should be fed into the receiver. The proper 
coils and capacitors are then tuned to produce a curve 
on the oscilloscope that approximates the ideal re- 
sponse shown in Fig. 16-85. If there is no recommended. 
order of adjusting these trimmers, then it is suggested 
that the necessary coils and capacitors of the last r-f 
stage be aligned first, and then, working backward, the 
other r-f stages (for the same channel) are aligned. 
‘The pattern shown is that required by many manu- 
facturers. Such a pattern indicates that the r-f stages 
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Fig. 16-85.— deal television r-fresponae curve. 


are overcoupled. The trough of the curve should have 
an amplitude no smaller than about 70 per cent of the 
maximum amplitude of the curve. The capacitor trim- 
mers are usually tuned to make sure the curve is posi- 
tioned properly about the markers and also to help pro- 
duce the proper bandwidth, The coils, in conjunction 
with the capacitors, are adjusted to produce as good a 
flat top characteristic as possible. 

In some receivers this double-peaked response is 
required only for the low-band channels and a different 
response, usually a broad single-peaked curve, is re- 
quired for the high-band channels, The exact position 
of the two markers will tell us how well the r-f circuits. 
are tuned. If both of these markers fall within the two 
peaks of an overcoupled curve or if the response of the 
curve at these frequencies is above a certain predeter- 
mined value, then the alignment is assumed to be cor- 
rect. Some manufacturers specify that the response at 
the marker frequency for the first channel aligned in 
each band should be no less than 90 per cent of maxi- 
mum, This limit helps insure a proper response for the 
other channels. 

Once the first channel, for either the high or low 
band, is properly aligned, the frequency control of the 
sweep generator i» set to the center frequency of the 
next channel to be aligned and the receiver tuned to 
that channel. The sound and vidco r-f marker signals. 
are changed to those of the new channel to be aligned. If 
a fine tuning control is incorporated, set it to the center 
of its range. If the receiver has a switch type of tuner, 
it is a simple matter tu select the proper channel, How- 
ever, if the channel selector is of the continuously 
variable type, it may be somewhat difficult to find the 
exact point where the selector is set to the center of the 
channel. Some manufacturers realize this and include 
a diagram of the front section of their tuner indicating 
at what points in the rotation of the selector knob the 
channel center frequencies will be found. A typical dia- 
gram of this sort appears in Fig, 16-86. 

The channel locations are indicated by dots around 
the circumference of the knob, with the proper channel 
number indicated next to each dot. The exact position 
of each channel is marked off as being so many degrees. 
away from a theoretical vertical line A-B passing 
through the diameter of the knob. For the example 
under discussion, the degree measurements are taken 
with point A as a reference. Thus for the low channels. 
we turn the knob clockwise from point A starting with 
channel 6, which is 424* away, and end with channel. 
2,1357* away. For the high bands, rotation is counter- 
clockwise from point 4 starting with channel 13, which 
is 244° away, and ending with channel 7, 135.7" away. 
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With all the proper settings made, a response curve. 
should appear on the oscilloscope. The tuning coils and 
capacitors of the first stage aligned are usually common 
parts of all the tuned r-f circuits in each band. This 
means that when the r-f response of the second channel 
is checked and it appears correct with the markers fall- 
ing within limits, then no adjustments are needed for 
this channel, The responses of the remaining channels, 
in each band are checked in the same manner. If any 
response falls outside of the pattern recommended, then 
the adjustable coils and/or capacitors may require a 
slight readjustment. If such a condition is found nec- 
essary, then, after the responses of all the remaining 
channels are examined, the responses of the previous 
channels should be rechecked to see if they still con- 
form with those required. In each case it is the location 
of the markers that tells us how accurate the alignment 
is. 

For the upper channels (7 through 13) of most tele- 
vision receivers there is usually only one set of tuning 
coils and capacitors, to be adjusted during alignment 
of the highest frequency channel. For the lower chan- 
nels (2 through 6) the same situation often exists, 
there is one set of trimmers for the complete low-fre- 
quency band. However, there are quite a few receivers. 
where two sets of trimmers are used for the low band. 
One set of trimmers is usually employed for channels 
4 through 6 and the other set for channels 2 and 3. 
Although two separate sets of trimmers are used, the 
channels are usually aligned in descending numerical 
order starting with number 6. When the tuned circuits 
of channels 2 and 3 are aligned, the inductances of the 
other three channels (4, 5, and 6) are included as parts 
of these tuned circuits. 

‘The majority of manufacturers show one or two r-f 
alignment curves to represent all channels. They will 
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also indicate, either by drawings or by statements, the 
allowable variations in the shape of the response, There 
are other manufacturers who indicate a response curve 
for each channel with a statement that the response at 
the marker frequencies should be above a certain limit 
for each drawing. 

In Fig. 16-87 appear a series of r-f response curves, 
one for each channel, as recommended by one manu- 
facturer. Note how closely the shapes of the curves 
resemble each other. The small vertical lines on each 
curve represent the positions of the video and sound 
rf markers. The marker at the left of each response 
curve is that of the video r-f carrier and the marker on 
the right is that of the sound r-f carrier. The markers 
of each curve fall well within the limits of the response, 
indicating that each represents the proper bandwidth. 
For these curves the manufacturer states that the re- 
sponse at the marker frequencies should not fall below 
80 per cent of the maximum response. 

The curves in Fig. 16-88 represent a situation where 
a different type of response curve is required for the 
high- and low-frequency bands. Both curves represent 
the ideal shape desired. The letters P and S in each 
drawing indicate the video and sound r-f markers. 
Curve (A) is for the low-frequency channels and curve 
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(B) for the high-frequency channels. The double- 
peaked characteristic of curve (A) indicates that the 
low-frequency channels have overcoupled r-f stages. 
The single-peaked shape of curve (B) indicates that 
the rf stages are loosely coupled for the high-frequency 
channels, It is possible to obtain the desired 6-Me r-f 
bandwidth on the high-frequency channels with single- 
peaked curves because the required bandwidth is a 
smaller percentage of the center frequency of these 
channels, as compared with the low-frequency channels. 

The drawings of Fig. 16-89 illustrate the allowable 
deviations in the shapes of the response curves of Fig. 
16-88 and are based upon the positions of the markers. 
Part (A) is for the low-frequency channels and part 
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Fig, 16-89—Allowable deviations in the response curves of 

Fig, 16-88. (A) is for the low-frequency channels; (B) ia for 
‘the high-frequency channels. 


(B) for the high-frequency channels, If the shape of 
the response on any low-frequency channel falls be- 
tween the ideal curve of Fig. 16-88A and either one of. 
Fig. 16-89A then it is considered acceptable provided 
the response at the video and sound carriers is above 
the limits indicated. For the high-frequency channels 
the drawing of Fig. 16-89B indicates that the response 
at the sound carrier cannot fall below 50 per cent nor 
the video carrier fall below 67 per cent of the maximum 
response. 

Thus far our discussion concerning r-f alignment 
was based upon the oscilloscope being placed in the 
converter grid circuit. If the oscilloscope is placed in 
the output of the video detector, the alignment proce- 
dure is not changed very much. Everything said rela- 
tive to the sweep generator and marker generator is 
also true here. For this type of alignment the r-f oscil- 
lator has to be operating because heterodyning action 
inside the converter tube is necessary. The adjustment 
of the different r-f trimmers follows the same sequence 
as before, The resultant response will have a different 
shape than that previously shown. It will appear very 
much like the over-all video i-f curve. The video and 
sound r-f marker signals, when heterodyned in the con- 
verter, come out as video and sound i-f marker signals. 
When these markers are changed to i-f signals, the 
sound if. is lower than the video if. whereas in their 
original form, the sound rf. is higher than the video rf, 
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Fig. 16-90.—Ideal over-all r-f and video i-f response charac- 
teristics for conventional television receivers. 


‘The ideal over-all r-£ and video i-f response char- 
acteristics generally recommended for conventional 
receivers appear in Fig. 16-90. For correct r-f align- 
ment, the video and sound carrier markers should fall 
within their appropriate limits, Ideally speaking, if the 
sound i-f marker falls in its proper place, it should be 
barely, if at all, visible. The video i-f marker should fall 
on the right slope and have a response anywhere from 
40 to 60 per cent of maximum. A check can be made 
with other marker signals for the location of certain 
frequencies, One such marker, the adjacent sound if, 
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is illustrated in the drawing. This marker, when fall- 
ing in its proper place, should be barely visible because 
there should be no response at this frequency. 

For intercarrier receivers, with the oscilloscope 
placed at the video detector, the alignment procedure 
is similar. The only difference will be in the shape of 
the final response curve. A typical curve is shown in 
Fig. 16-91. Note that there is the required response at 
the sound i.f. The response at this frequency should, in. 
most cases, have a limit of about 10 per cent of the 
maximum response. The video i-f carrier should fall 
approximately in the center of the right slope ; a 40 to 
60 per cent response limitation is allowed here too. The 
required response is not much different from that gen- 
erally required for the over-all video i-f section of the 
intercarrier receiver, If the receiver has a step func- 
tion at the sound i-f carrier in the video i-f response, 
then it will appear in a form similar to the over-all r-f 
and video i-f response curve. 
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| 16-91. Ideal over-all r-f and video i-f response charac- 
velata ie etie rade 


If the intercarrier receiver has its oscillator tuned 
aboye and below for the lower and upper channels, then 
the over-all response of the r-f and video stages will 
very closely approximate that of the over-all video i-f 
stages alone. This is so because the response at all the 
sound and video i-f carriers must be the same for both 
types of curves. 


Oscillator Alignment. 
There are three principal methods that are used 
today for aligning the oscillators of television receivers. 
One arrangement, referred to as the visual method, 
employs an oscilloscope across the video detector load 
and a sweep signal at the antenna input terminals. A 
second method employs a vacuum-tube voltmeter or 
zero center meter as the indicating device and it is 
placed across the sound detector load. An accurately 
calibrated r-f generator is used as the source of signal 
input; a sweep generator is not needed. The third 








method uses a heterodyne frequency meter only 
sweep or marker generator is not employed. 

Although this chapter is on visual alignment, the 
other two methods of oscillator alignment are interest- 
ing enough to warrant discussion also. For oscillator 
alignment it is generally not necessary to make any 
prealignment adjustments as was necessary for the 
previous alignments. The only adjustment necessary 
pertains to the fine tuning control, if any is incorpo- 
rated. Unless otherwise noted, this tuning control 
should be set to the center of its range during the com- 
plete alignment of the oscillator section no matter what 
alignment method is employed. 

If any variable capacitors, other than the fine tuning 
control, are used in the oscillator section, they are usu- 
ally in the circuit for every channel. Consequently any 
‘one adjustment of such components will generally be 
sufficient for all channels. In many cases the inductance 
of the oscillator stage is a single coil for both bands, 
with taps for switch tuning. This is similar to that dis- 
cussed for the r-f section, In other cases a separate coil 
arrangement is used for the high and low bands, 

In some television receivers a single set of trimmers 
is used for the high band and another set for the low 
band ; this is similar to some r-f circuits. In alignment 
of such oscillator circuits, the adjustments are made 
for one channel of each band and the other channels 
usually fall in line or require only a slight readjustment 
of the trimmers. Other receivers have a single set of 
adjustments for all channels of the high band and a 
separate inductive adjustment for each channel of the 
low band, and other televisiori receivers have a sepa- 
rate inductive adjustment for every channel of the re- 
ceiver. Whatever tuning adjustments are employed, 
when the oscillator section of each channel is checked, 
the indicating device should reveal whether or not the 
oscillator is properly aligned, 





Visual Method 


In the visual method the sweep generator and marker 
generator remain as they were for r- alignment and the. 
oscilloscope is placed across the video detector load. 
The frequency and sweep width of the sweep generator 
for each channel is the same as in r-f alignment. The 
sound and video r-f markers for each channel are also 
inserted into the circuit. These signals will appear as 
i-f markers on the response due to the heterodyning 
process inside the converter tube. The resulting re- 
sponse will be a combined r-f and over-all video i-f re- 
sponse and will take on the shapes previously shown 
for r-f alignment when the oscilloscope was placed at 
the output of the video detector. 
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Proper alignment of the oscillator is indicated pri- 
marily by the video i-f marker appearing along the 
right slope of the curve, at about 50 per cent of maxi- 
mum, or as otherwise indicated by the manufacturer. 
The sound i-f marker should be just visible on the left 
slope for intercarrier type receivers (about 10 per cent 
of maximum response) and barely visible for conven- 
tional receivers. A check on the alignment can be made 
by turning the fine tuning control a little on either side 
of its center setting. This should move the video i-f 
carrier up and down the right or high-frequency side 
of the response. If it was necessary to readjust some 
oscillator trimmers that had been previously adjusted, 
then it is advisable to recheck the complete alignment 
to see that, for each channel, the proper curve appears 
with the appropriate markers in their correct positions. 


Meter Method 


The meter method of alignment to be discussed here 
is only suitable for conventional-type television re- 
ceivers and not the intercarrier type. In this method of 
aligning the oscillator section of television receivers, 
the vacuum-tube voltmeter (or zero center meter) is 
placed across the load of the sound f-m detector. If the 
detector uses a discriminator, then the meter is placed 
across the complete resistive load, across points 4-B in 
Fig. 16-60. 1 itis a ratio detector, the meter is placed 
between the point of audio output and ground or аз 
indicated in Fig. 16-66. The input to the antenna ter- 
minals is an accurately calibrated unmodulated r-f sig- 
nal whose frequency is equal to the r-f sound carrier of. 
the channel being aligned. 

For this type of oscillator alignment the sound sec- 
tion of the television receiver must be accurately 
aligned first. Proper oscillator alignment is indicated 
by a zero voltage reading on the meter. What happens 
that the oscillator signal heterodynes with the input. 
sound r-f carrier in the converter tube and the differ- 
cence frequency that results when the oscillator is 
properly aligned is equal to the operating sound if. of 
the receiver. In a conventional-type television receiver, 
the sound i-f tgariÍormers are tuned to this difference 
frequency. Hence when the oscillator for any one chan- 
nel is tuned to its proper frequency, there will be a zero 
voltage indication on the meter in the sound-detector 
circuit, 


Heterodyne Frequency Meter Method 
For this method of oscillator alignment all that is re- 


quired is an accurately calibrated heterodyne frequency 
meter. This is the only method where the knowledge of 








the exact oscillator frequency for each channel is re- 
quired; it can be used for any type of receiver, The 
oscillator frequency is not the same for each receiver, 
as are the sound and video r-f carriers, but differs 
according to the i.f.'s employed, 

For example, if the video if. is 25.75 Me and the 
oscillator is tuned above the if. for all channels, then 
the required oscillator frequency is equal to tt 
plus the video r-f carrier frequency for each channel. 
Therefore, the oscillator frequency for channel 2 
should be 25.75 Mc plus $5.25 Mc or 81 Mc; for chan- 
nel 3, it should be 25.75 Mc plus 61.25 Mc or 87 Mc, 
and so on, The oscillator frequency can also be found 
by using the operating sound if. of the receiver and 
adding it to the sound rf carrier ; or if the oscillator is 
tuned below the incoming signal, subtracting it from 
the r-f carrier. 

The frequency meter is adjusted so that its internal 
frequency standard is equal to the required oscillator 
frequency of the channel to be aligned. The fine tuning 
control, if any is employed, is set at the center of its 
range. Loose coupling between the frequency meter 
probe and oscillator circuit is made so that the oscillator. 
signal may be coupled to the meter. The frequency 
meter used may, however, be sensitive enough to pick 
up the radiated oscillator signal without making any 
actual connection between units. 

‘Once these preliminary adjustments are made, ће 
oscillator circuit is aligned to produce a zero beat note 
in the output of the frequency meter. Since an exact 
zero beat note may be difficult to obtain, the proper 
alignment point is indicated by an audible beat note of 
lowest frequency. 








Tube Adaptors in Television Receivers 


The tube adaptor is a simple means of attaining con- 
tact with tube terminals for voltage and resistance 
measurements. Although quite old basically— we 
showed its use about 20 years ago — it is again receiv- 
ing attention due to the layer form of assembly in some 
television receivers. For that matter, it is usable in any 
confined space where access to the socket connections 
for voltage and resistance measurements is difficult. 

As is commonplace, many devices intended for one 
use find other applications and we can readily conceive 
of such adaptors being employed in connection with 
alignment operations in television video i-f circuits, 
especially when access to the different tubes in the sys- 
tem is not readily available. Since the use of the adaptor 
does not prevent alignment — and the effects of the 
invisible components introduced by the adaptor become: 
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evident only by comparison, we feel that a warning 
should be issued concerning the use of any adaptor in 
the video if systems of television receivers during 

‘Alignment of video i-f systems should be accom- 
plished only with the circuit components exactly as 
they will be used; anything added to the system will 
introduce a change between the response curve with it 
in the circuit and after it has been removed. This is 
illustrated in Figs, 16-92 through 16-96. These are the 
over-all video i-f response curves when a very simple 
adaptor was used in different sockets of the amplifier. 
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Fig. 16-92 —Over-all video i-f curve without adaptor. 
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Fig. 16-93—Over-all curve when adaptor is in Int video i-f 
stage. 
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Fig. 16-94—Over-all curve when adaptor is in 2nd video i-f 
ame 
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Fig. 16-95.—Over.all curve when adaptor is in 3d video i-f 
stage. 
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Fig. 16-96.—Over-all curve when adaptor is in 4th video i-f 
stage. 


These measurements were made when a signal was fed 
into the input of the amplifier and the oscilloscope was 
connected to the output of the circuit, The effect of the 
adaptor was checked for the four positions of the de- 
vice, that is, when it was in the Ist, 2nd, 3rd, and 4th 
video i-f stage sockets. The effect of increased distrib- 
uted capacitance upon the over-all response curve is 
very marked; the frequency of the peak is changed 
appreciably in two stages. When the adaptor was in- 
serted in the 3rd video i-f stage, the double-peaked 
‘curve actually became a single-peaked response. 

For the record, the adaptor was constructed in the 
John F. Rider Laboratories and was made for a mini- 
ature tube. Moreover, the receiver on which it was 
tried employed undercoupled i-f transformers. Nat- 
urally, these curves apply to this specific receiver and 
the effect of such devices will not always be the same, 
but based upon tests which were made on other re- 
ceivers, the addition of distributed capacitance in this 
way during alignment should be avoided. In fact, even 
Jead dress should not be altered after alignment has 
been completed. 





CHAPTER 17 
WAVEFORM OBSERVATION IN TELEVISION RECEIVERS 


The observation of waveforms of voltages existing 
in television receivers presents no problems but it does 
demand the exercise of certain precautions when ap- 
plying the cathode-ray oscilloscope. Such care will ob- 
viate the possibility of misleading conclusions and even 
possible damage to the display device. Enough back- 
ground has been given in the sixteen chapters which 
precede this one so that we can feel free to refer to ele- 
ments of the oscilloscope and assume that the refer- 
ences are understood. 


Tost Points in Television Receivers 


Anyone who has examined service data concerning 
television receivers is aware of the numerous wave- 
forms which are offered for reference and which de- 
mand the application of a cathode-ray oscilloscope for 
the diagnosis of troubles. Invariably these waveforms 
are associated with the vertical and horizontal sweep 
circuits, the synchronizing system, the video amplifiers, 
and even the audio-frequency amplifier, although the 
latter does not receive too much attention. All of these 
are closely allied to the frequency response of the cath- 
ойе-тау oscilloscope, especially the vertical amplifier. 
In view of all that was said about this subject in Chap- 
ter 10, it is unnecessary, at this time, to dwell upon the 
importance of the bandwidth of the vertical amplifier 
relative to the appearance of the trace on the screen of 
the test oscilloscope. However, it is necessary to speak 
at length about the conditions which surround these 
tests for they are not always possible under ideal con- 
ditions either. 

To begin with, the manufacturers of television re- 
ceivers generally furnish reference information con- 
cerning the wavefprms which should exist at different 
points in a television receiver.’ It is conceivable that an 
experienced person working on such receivers may 
elect to observe conditions at places not designated by 
the receiver manufacturer, If the oscilloscope at hand 
permits this and the background of the operator is such 
as to enable proper interpretation of the pattern, all 
well and good — but if such familiarity is not pos- 
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sessed by the individual, tests other than those recom- 
mended by the manufacturer are fruitless and the time 
might well be saved, 

In connection with the reference waveform patterns 
which are given as guiding information, Fig. 17-1 of- 
fers afew of these. 

We need not identify them exactly because the sub- 
ject to be discussed here is of general rather than spe- 
cific interest. A similarity in pattern conformation at 
corresponding points exists in all television receivers 
but the method of producing the trace or the constants 
of the oscilloscope, which displays the wave later repro- 
duced in a service bulletin, can well result in somewhat 
different characteristics of the two traces, 

Concerning test points, we shall treat these in a gen- 
eral manner, Broadly speaking, signal voltages are to 
be found at all points in a system which are not at 
ground potential. In other words, all points in a signal 
path which are not bypassed to ground will afford a 
signal voltage wave of some sort. Whether or not this 
signal can be displayed on an oscilloscope screen de- 
pends upon its level relative to the level required by 
the device which will display the signal, This relates to 
the sensitivity of the vertical amplifier in the oscillo- 
scope. If itis inadequate with respect to the signal level, 
display will be impossible, The next controlling factor 
is the frequency of the signal and the ability of the ver- 
tical amplifier in the oscilloscope to pass this frequency. 
This was discussed in Chapter 10 and will be discussed 
some more later. 

Returning to the test points, it must be realized that 
any system of waveform examination, regardless of the 
direction of progress through the system, is the equiva- 
lent of signal tracing and the rules of signal tracing 
apply.? In this connection, it might be well to mention 
that an appreciation of the phase relationships in a 
vacuum tube and its associated circuit can be very help- 
ful, for quite frequently it enables measurement at a 
low-impedance point (cathode) with minimum loading 
by the test equipment, rather than testing at a high im- 
pedance such as the control grid, where loading by the 
test equipment is not only possible, but more than likely, 
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probable. The same may be said about the plate circuit; 
in both instances, it is well to understand that signal 
voltages at the control grid and cathode are in phase — 
between control grid and plate they differ by 180° and 
the same is true between the plate and the cathode. 
This, too, was shown in Chapter 10, but is repeated 
here because it is directly associated with the observa- 
tion of waveforms. 





Winds of Waveshapes in Television Receivers 

In broadest terms, signal voltages, found in the dif- 
ferent parts of television receivers, are of nonsinusoidal 
character. A few of these are shown in Fig. 17-1. Their 
exact significance is not of much importance in this 
discussion. Of far greater concern is the fact that wave- 
form examination in television receivers involves more 
than just the display of a wave ; frequently, it is neces- 
sary to determine the peak-to-peak voltage value of the 
signal, Moreover many of the signal voltages are com- 
posites of two or more different voltages which are 
specially formed so as to perform certain control func- 
tions, The amplitude of parts of the wave also is a mat- 
ter of interest and later we shall deal with the means of. 
measuring voltage amplitudes by means of the oscillo- 
scope. 

Tt is the shape of the wave which is pertinent to per- 
formance ; the slope of its sides, the rise time, the square 
corners, the linearity, and the relative amplitudes of 











the parts. This may be expressed by saying simply its 
frequency composition. Later in this chapter we shall 
show the effect of the i-f alignment on the character- 
istics of control pulses. These details are important 
because their presence or absence in the trace which 
appears on the screen is influenced greatly by the char- 
acteristics of the oscilloscope. 

Because of the wide variety of patterns, which one 
is apt to encounter at corresponding points in different 
receivers, and since the variations between patterns 
may be attributed to many factors such as differences 
in the constants of oscilloscopes, the differences in re- 
ceiver circuit constants, and the accuracy with which 
reference illustrations are reproduced, it behooves the 
individual who has occasion to make such checks to be- 
come generally familiar with the kinds of patterns to 
expect at the different test points in a receiver. It is not 
necessary that these be memorized; they cannot be, 
because of circuit arrangements and possible design 
changes, although, in the end, the deflection systems, 
whether plates or coils, demand voltage or current 
waves of appropriate kind. 

An understanding of the general principles of opera- 
tion of these systems cannot help but be very helpful in 
this connection for it will familiarize the operator with 
the manner in which currents or voltages are combined 
to produce special waveshapes. It is not imperative, 
unless one desires to do so on his own initiative, to 
remember test points in different receivers. These are 
fairly well standardized and repeated operations at like 
points in different receivers will make an indelible im- 
pression on one's memory, yet it is to be remembered 
that service data contains information concerning both 
the test points and the reference wave at those points, 
‘The practice of making changes in a television receiver 
circuit in the interests of greatest economy in produc- 
tion frequently results in combinations of actions, new 
tubes, and other changes which can well modify a 
‘waveform at a certain point in a circuit. In view of the 
very many different models and chassis produced by 
different manufacturers and the attempt to combine 
functions in tubes, it is well to bear in mind that great- 
est convenience of operation as well as greatest freedom 
from possible errors and mistaken conclusions will ac- 
crue from the use of the receiver manufacturers’ data 
‘as contained in service manuals. 

Asa rule, receiver manufacturers employ wideband 
oscilloscopes when developing television receiver wave- 
forms for subsequent use in their service manuals. 
These are capable of showing the voltages in a true 
light so that the patterns can serve well as reference 
data. Every so often, however, an oscilloscope with 
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relatively reduced vertical pass-band is employed and 
the resultant trace of a voltage in the sync, sweep ог 
video system is somewhat inferior in shape. Neverthe- 
less, it will still serve asa guide for, in the final analysis, 
the importance of the pattern is twofold — 1, the gen- 
eral shape and 2, the equivalent voltage levels. If the 
observed waveshape during service analysis is a rea- 
sonable facsimile of the reference pattern, one part of 
the requirement has been satisfied. It then becomes a 
matter of determining if the voltage amplitudes are 
correct. Of course if the receiver manufacturer's rec- 
‘ommendation in oscilloscope equipment is being fol- 
lowed by the service facility, then duplication of the 
reference waveshape should be possible without any 
difficulty. The same is true if the service facility's 
oscilloscope is rated at a higher vertical amplifier band- 
pass than the original unit employed when the service 
manual was prepared. But if the service oscilloscope is 
rated at a much lower vertical frequency response than 
the instrument used in the manufacturer's service shop, 
then only an approach to the reference pattern is to be 
expected. Sometimes this is a close approach and some- 
times it is not — depending upon the oscilloscope used 
— but, generally speaking, it should not be too much 
of an obstacle in the localization of a fault because the 
presence of a defect in the system will be productive of 
a difference in waveshape which is much more radical 
than would be produced by a mere difference in verti- 
cal amplifier frequency response. 

In this connection we might recall details pertaining 
to the performance of uncompensated attenuators in 
some of the oscilloscopes. These are capable of extreme 
frequency discrimination as was illustrated in Chapter 
10, therefore, care must be exercised to establish that 
the abnormality which exists in the observed wave- 
shape is a matter of receiver performance and not at- 
tenuator action. This is not difficult ; all it demands is. 
a variation in the vertical attenuator control position. 
If it modifies the wave shape in addition to changing 
its vertical amplitude, it is a reasonable conclusion 
that much distortion may be attributed to the attenu- 
ator control. Under such circumstances it will usually 
be found that one setting of the control will result in a 
waveshape which isa fair approach to the desired, pro- 
vided that the receiver system is performing normally. 
If it is not so, then no matter what the position of the 
vertical attenuator, it will be impossible to even re- 
motely approximate the reference waveshape. 

Concerning the modification of a wave by the con- 
stants of the vertical amplifier, it is, as we described in 
Chapter 10, a function of the constants of the vertical 
amplifier in the oscilloscope. As a matter of conven- 

















ience we show in Fig. 17-2 a series of oscillograms of 
a S0-microsecond pulse with a pulse-repetition fre- 
quency of 4,000 cps as seen on a number of different 
oscilloscopes, each with a different pass-band in the 
vertical amplifier. From what has been stated earlier 
and what appears in these illustrations, itis possible to 
summarize the effect of the frequency response of the 
vertical amplifier on the waveshape by saying that the 
steepness of the sides of the pulse is reduced (sides 
slant more), square corners are rounded off and fat 
tops of waves become peaked, as the frequency pass- 
band of the amplifier relative to the fundamental fre- 
quency of the wave becomes lower. 

They are clearly evident in Fig, 17-2 A, B, C, and 
D. In oscillogram (A) is shown the aforementioned 
pulse as viewed on an oscilloscope with a 5- Mc vertical- 
amplifier bandpass. The same pulse displayed on an- 
other oscilloscope which has a 500-ke vertical-amplifier 
bandpass is seen in oscillogram (B). Some deteriora- 
tion is evident but it does not destroy the utility of the 
display for maintenance operations. Both shape and 
amplitude of portions of the wave are as easily deter- 
minable from oscillogram (B) as they are from oscillo- 
gram (A). For comparison purposes the same pulse 
is reproduced on the screen of an oscilloscope which 
has a. vertical-amplifier frequency response approxi- 
mating 100 ke; this is shown in part (C) of Fig. 17-2. 
The general shape of the pulse has been retained, al- 
though slight changes are evident as described earlier 
discussion, Nevertheless it is still possible to 
ascertain amplitudes of the portions of the wave with- 
out too much difficulty. As an extreme case of changes 
in waveshape due to the frequency characteristics of 
the vertical amplifier in the oscilloscope, oscillogram 
(D) is shown. The peak amplitude of the pulse is the 
same as before, but its square shape identity has been 
lost completely. The same may be said of the positive 
parts representing the overshoot. 

If the problem were the measurement of the ampli- 
tude of the negative portion of the wave, this could be 
done readily with all four oscilloscopes, but the last 
oscillogram (D) would be useless as a device which 
would show that the original pulse was square. Thus 
the intended purpose of the display plays a very promi- 
nent role in determining the adequacy of oscilloscopic 
‘equipment. 

‘Additional examples of what may happen to the 
shape of a pulse as the consequence of incorrect fre- 
quency composition are shown in Fig. 17-2E. Here is 
an illustration of a normal horizontal sync pulse in a 
television receiver when the over-all response of the if 
‘system is correct. Three other illustrations of the same 
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pulse under different conditions of frequency versus 
amplitude in the i-f system also are shown. The loss of 
the flat top and the sharp corners and a change to a 
peaked pulse in which it is difficult to define the loca- 
tion of the pedestal — all due to the loss of the high 
frequencies because of improper over-all frequency re- 
sponse of the receiver — is clearly seen. The other two 
examples of pulse distortion stem from the presence of 
excessive high-frequency response with consequent 
ringing and overshoot on both edges of the wave, and 
the tilt caused by the loss of low frequencies between 
15 and 20 kc, bearing in mind that the fundamental fre- 
quency for this pulse is 15,750 ps, The resultant effect 
on the picture also is indicated. 





Limitations Due to Signal Frequency 
We have attempted, in earlier chapters of this text, 
to stress the controlling effects of signal frequency on 
the application of the oscilloscope, the relationship be- 
tween the frequency composition of the signal voltage 
and the pass-band of the vertical amplifier in the test 
instrument; also the relationship between the fre- 
quency range of the time-base oscillator in the oscillo- 
scope and the display of the individual cycles of the 
signal voltage which is of interest. Recalling the fre- 
quency bandwidth of the different oscilloscopes which 
are available on the commercial market, it is clearly 
evident that r-f (picture) carriers and the heterodyn- 
ing oscillator voltage cannot be examined ; that is, the 
individual cycles of these voltages cannot be placed on 
the screen of all but the very special devices, Even then, 
and this assumes adequate amplification in the vertical 
amplifier (which seldom exists), only those picture 
carriers which are within the $0- to 100-Mc range and 
those heterodyning oscillator signals which also are 
within this frequency range may so be viewed. As a 
matter of fact, it might well be said that because of the 
added control presented by the frequency range of the 
time-base oscillator, that r-f and the heterodyning os- 
cillator voltages are not observable on the oscilloscope. 
The exceptions are rare indeed ; only a bare few of the 
instruments mentioned in this text afford the required 
vertical-amplifier pass-band and the time-base oscil- 
lator frequency range, and even then the level of the 
received r-f carrier seldom is of sufficient amplitude. 
Almost the same thing may be said about the picture 
and sound i4 signal voltages. The highest vertical- 
amplifier pass-band found in the great majority of 
oscilloscopes does not extend beyond several mega- 
cycles and this immediately precludes the observation 
of i-f signals of higher frequency. Even the 4.5-Mc i-f 
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signal is beyond the capabilities of the great majority 
of devices so that any ideas of examining the individual 
cycles of these signals might well be forgotten. More- 
over the character of the picture and sound i-f signals 
or the composite i-f in intercarrier receivers is such that 
it would be impossible to make these patterns stand still 
long enough for useful study. These comments, there- 
fore, are the equivalent of saying that the rf, oscillator, 
and if portions of a television receiver are systems 
which are beyond the display powers of the vast major- 
ity of oscilloscopes. 
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Of course, rectified versions of these signals are 
within the display capabilities of the majority of oscillo- 
‘scopes. Such are the video signals which appear across 
the video detector output. Two of these are shown in 
Fig. 17-3A and B, their appearance being different be- 
cause of the two different sweep frequencies used in 
the oscilloscope. The former illustrates the pattern for 
several complete fields whereas the latter is several 
scanning lines. Because of the nonintegral relation- 
ships between the frequencies in the pattern and a 
single sweep frequency, one oscilloscope sweep setting 
will not stop all of the elements of the trace, in fact 
some of the r-f may be lost because of the limited re- 
sponse of the oscilloscope amplifier. 


Continuing with the subject of rectified versions of 
the r-f and i-f signals, the alignment curve or the re- 
sponse curve is another example, although it is repre- 
sentative of what can well be viewed as a singular sig- 
nal input. As stated in Chapter 16, the alignment or 
response curve is a pattern of the manner in which the 
rf or i-f signal varies in amplitude in a circuit as its 
frequency 1s changed. The dominant factor is the rate 
at which the test signal is varied in frequency. This 
usually is carried out at either 60 cps or 120 cps, conse- 
quently, the amplifier which will pass such a signal 
need not have a bandpass below say 50 cps and above 
130 cps. Of course, we know that this frequency range 
is within the band of any oscilloscope vertical ampli- 
fier, which is the same as saying that any oscilloscope 
which has a vertical amplifier is adequate for align- 
ment purposes. The required sensitivity is assumed, 
We shall not dwell upon alignment any longer because 
of the complete details contained in Chapter 16. 





F-M Checking of Video Amplifier 

The process used for examining the response of an 
r-f or i-f system, that is, an {f-m signal which sweeps 
over the response range of a circuit or system is one way 
of checking the video amplifier in a television receiver. 
As a rule, the signal source is an f-m sweep generator 
which is set to sweep over the range of from to 10 Mc, 
although if it can be set from 0 to 5 Mc, it will be suffi- 
cient, This voltage is fed into the video amplifier and 
the over-all response is determined by locating the rec- 
tifying means (which feeds into the ver 
of the oscilloscope) at the output of the video system. 
Since the rectifying system does not exist at the output 
of the video amplifier in a television receiver, it must 
be provided externally and usually is the crystal con- 
tained in crystal probes which are part of oscilloscope 
equipment. Except for the frequency of the sweep gen- 
erator, the system being checked and the kind of, as 
well as the location of, the rectifying system, the pro- 
cedure conforms to conventional response curve tests. 
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Again the frequency requirement of the vertical ampli- 
fier in the oscilloscope is determined by the sweep rate 
used in the f-m sweep generator. It is either 60 eps or 
120 eps, determined by the design of the generator. An 
example of the “response curve” which may be ex- 
pected on the screen of the oscilloscope is shown in Fig. 
17-4, 


Signal Voltage Levels and Waveshape Dimensions 


‘Waveforms of signal voltages which exist in sweep, 
sync, and video systems of television receivers are pre- 
sented in two ways in service data, These are shown. 
in Fig. 17-5A, B, and C. We mean to call attention to 
the use of reference voltage levels (A) and (B) in 
some instances and only the wave in others (C). 
Where the voltage data is not given on the oscillogram, 
it may be given elsewhere, but if it is absent from the 
reference data, then the sole purpose of the waveform. 
examination is to find correspondence in terms of 
waveshape, The presence of the signal voltage of the 
appropriate waveshape usually indicates proper oper- 
ating conditions ; incorrect distribution of voltages in 
the different tubes of these systems will invariably 
modify the waveshape to a very marked degree. 


It might be well, however, to call attention to several 
details relating to waveshape, One of these is the a 
vantage of duplicating the frequency conditions in. 
cated in the reference data. By this we mean that the 
time-base oscillator in the service oscilloscope should 
be adjusted so as to display the same number of cycles 
of the signal voltage applied to the vertical-deftection 
plates as appears on the reference illustration. As a 
rule, this will result in a pattern which most closely 
resembles the original, especially if the horizontal di- 
mension gain control or attenuator is arranged to 
spread the trace so as to cover about three-quarters of 
the screen face, and in the vertical direction, the trace 
is spread so that it has an amplitude equal to about опе 
half or perhaps slightly more of the screen height. 
‘These are the relative dimensions of most of the refer- 
cence patterns. 

When traces are set up in this manner, the appear- 
ance of the pattern is least deceiving when compared 
with the reference trace. Display of the improper num- 
ber of cycles or insufficient horizontal amplitude creates 
an illusion of a difference in the traces which really does. 
not exist, The sides seem steeper and the peaks appear 
sharper. The true characteristics of the voltage or cur- 
rent wave are not modified by improper display ; they 
just seem to lock different, and if a comparison is to be 
made with a reference trace, it is best to set up those 















conditions which most closely parallel the original. 
While this is true under all conditions, it is especially 
significant when applied to traces which do not bear 
voltage-level labels 

Waveform oscillograms which bear voltage-level 
values as in Fig. 17-5A and B warrant comment. To 
begin with, the cathode-ray oscilloscope is suitable for 
the measurement of signal voltage levels with results 
in absolute terms, but it is important to understand 
that this can be accomplished under specific conditions 
only. The measurement of the trace height and con- 
version into signal voltage at the input demands cer- 
tain specific procedures if the determination is to be 
meaningful, Before any measurement can be made, the 
screen of the oscilloscope must be calibrated. Some- 
times receiver manufacturers, who show voltage levels 
on their waveform oscillograms, specify a certain oscil- 
loscope and state specific control positions. These con- 
trol positions are the equivalent of calibration under 
certain circumstances, but it might well be stated defi 








nitely that the calibration of every oscilloscope is a 
necessity. 
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There is still another way of treating such voltage 
values when they appear on oscillograms. The ampli- 
tudes of the parts of the wave can be considered in rela- 
tive terms or in absolute terms. The previous examples 
treated them in the latter manner. Much information 
can be developed by simply examining the relative 
heights of the parts of the wave without determining 
the absolute voltage levels of each. For example, in the 
wave shown in Fig. 17-5A, the sawtooth portion has 
an amplitude slightly more than one-tenth of the nega- 
tive pulse, and conversely, the negative pulse has an 
amplitude which is just under nine times that of the 
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sawtooth portion. These values may be determined by 
the simplest means of linear measurement ; a ruler is a 
convenient method. 

Such relative amplitude measurements are useful 
for while they will not indicate whether or not the sig- 
nal values are what they should be, the general condi- 
tions found in television receivers are such that, if the 
relative amplitudes of the parts of the wave are cor- 
rect, the chances are that the operating conditions, 
the circuit where the measurement is made, are cor- 
rect. Such information can lead to proper conclusions 
of circuit conditions. 

Occasionally, the over-all amplitude of the wave 
suffers because of circuit parameters although the rela- 
tive amplitudes of different parts of the wave are not 
modified, This may tend to limit the degree of control 
offered by a circuit, but in most instances, a defective 
state in a stage or in a system will modify the shape of 
the wave as well as its amplitude. Occasions when only 
the amplitude is changed are rare indeed. 











‘Voltage Calibration of Oscilloscopes 

‘A convenient method of using the oscilloscope to 
measure a-c signals is the substitution method. A sig- 
nal whose amplitude can be varied is substituted for 
the video or sync signal to be measured. This signal is 
usually a 60-cps signal. The amplitude of the 60-cps 
signal is then adjusted until its pattern on the oscillo- 
scope is the same amplitude as that of the signal to be 
measured, The'peak-to-peak voltage of the 60-cps sig- 
nal is then measured, either by a meter or a calibrated 
control. The amplitude of the video or sync signal will 
then be the same as that of the 60-cps signal. 

A circuit such as shown in Fig. 17-6 can be used to 
supply the 60-cps signal which is substituted for the 
signal being measured. The transformer used will de- 
pend on the range of voltages to be measured. For in- 
stance, a heater transformer with a 6.3-volt secondary 
will supply a peak-to-peak signal of 63 X 283 or 
almost 18 volts peak to peak at the highest setting of 
the potentiometer, which can be about 1,000 ohms in 
this case. If higher voltages are.used, the value of the 
potentiometer should, of course, be higher, in order 
not to exceed the voltage rating of the potentiometer 
or the current rating of the transformer. 

The 60-eps signal can either be measured by an a-e 
‘voltmeter, as shown in Fig. 17-6, or the potentiometer 
can be calibrated in terms of peak-to-peak volts. If a 
meter is used, it should be remembered that most a-c 
meters read rms volts and it is necessary to multiply 
the readings by 2.83 to obtain peak-to-peak values. If a 








potentiometer is used, it must be calibrated by hand 
‘unless it has a very good linear characteristic, in which 
case a linear dial can be used. 

‘When the 60-cps signal is substituted for a signal 
being measured, the gain control and the attenuator 
setting on the oscilloscope should not be changed. If 
desired, the sweep frequency of the oscilloscope can be 
reset in order to obtain 2 or 3 cycles of the 60-cps sig- 
nal, but this is not necessary as the only factor that 
affects the measurement is the amplitude of the signal, 
and this will be the same regardless of the oscilloscope 
sweep frequency. In this respect, it might he helpful if 
the horizontal gain control is turned to zero so that no 
horizontal defection is obtained. The signal being 
measured and the 60-cps signal will then both show 
up as straight vertical lines whose over-all heights can 
be readily compared. 
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Fig 17-4—Circuit for voltage calibration of an oscilloscope. 


The commercial market affords devices for voltage 
calibration purposes. These are described elsewhere in 
this text as oscilloscope accessories, Whether one such 
used or the simple arrangement of Fig. 17-6 is em- 
ployed, the process of calibration is virtually the same. 
As stated in Chapter 10, some oscilloscopes employ 
self-contained voltage calibrators. These are very con- 
venient, of course, but the substitution method is still 
used, although being part of the oscilloscope, the opera- 
tion is accomplished with very little time Jost even 
when each calibration involves a substantially differ- 
ent voltage value. 


Typical Voltage Calibration 

Suppose, for example, that we assume a trace 4 
inches high on a 5-inch screen, or a trace 2 inches high 
‘on a 3-inch screen and say that both of these represent 
a calibrating input voltage (at input of vertical ampli- 
fier) of SO volts rms. This corresponds to a peak-to- 
peak voltage of 50 Х 283 ог 141 volts, which we may 
call 140 volts in round numbers, Measurement in peak- 
to-peak values is made for a definite reason. First of 
all, the oscilloscope trace indicates peak-to-peak 
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values; second, the conversion from rms to peak-to- 
peak values for sine waves is simple because the rela- 
tionship is constant. ‘That is not so for complex waves. 
The ratio between the rms and peak-to-peak values 
differs for each kind of waveform. It is rather difficult 
to determine this ratio, and if this is not known, it is 
not possible to compare the amplitudes of waves of 
different form by merely comparing their rms values. 
The use of peak-to-peak values eliminates this diffi- 
culty. It has also been found that peak-to-peak values 
are more significant in analyzing the function of vari- 
ous circuits in television receivers. 


‘The voltage values mentioned above were arbitrarily, 
selected and can just as readily represent 5 volts peak 
to peak or 500 volts peak to peak. It all depends upon 
what is the desired range of voltage measurement, 28 
determined by the work to be done, and also by what 
is the setting of the vertical-amplifier attenuator. Кеја- 





that, once the calibration has been completed, it holds 
as long as the vertical-amplifier attenuator is kept con- 
stant in its position. If it is varied, the calibration no 
longer will hold. This means that voltage measure- 
ments with the oscilloscope may require a series of 
calibrations so as to suit the range of voltages to be 
measured. Logically, a calibration for measuring a sig- 
nal voltage of several hundred volts peak to peak with 
a trace 2or 3 inches high will be very unsatisfactory for 
measurements of just a few volts. It will be impossible 
to read the voltage level from a trace of such a small 
dimension as would result from an attenuator setting 
which accommodates voltages several hundred times 
greater, 

Referring once more to the sample voltage level pre- 
viously mentioned, let us assume that the trace is 4 
inches high and that it represents an rms voltage of 50 
volts and a peak-to-peak voltage of 140 volts. Then 140 
volts equals 4 inches and each inch of deflection equals. 
35 volts peak to peak. If a linear crosshatch scale is 
placed across the face of the tube, the kind which may 
show 5 squares per inch, then each square vertically 
represents 7 volts peak to peak. We repeat that this 
holds as long as the vertical attenuator is maintained 
constant in its position for that particular calibration. 
И, instead of a 4-inch trace on a S-inch tube, the same 
voltage is displayed by a 2-inch trace on a 3-inch tube 
and a similarly marked scale is in front of the screen, 
then each square would correspond to peak-to-peak 
voltage of 14 volts. 

Having completed the calibration, the waveform to 
be measured is applied by connecting the input of the 
oscilloscope to the point where the wave of voltage 





exists and the proper trace is displayed by adjusting 
the time-base oscillator frequency. The vertical-ampli- 
fier attenuator is not touched! Assuming that the 
proper value of voltage was considered in the original 
calibration, the height of the wave to be examined does 
not exceed the original 4 inches. If it does, it will intro- 
duce no difficulties in voltage measurement provided 
that it does not extend beyond the curvature of the 
screen near its ends. Let us further assume that the 
trace on the screen is the wave (C) in Fig. 17-5A which 
we reproduce as Fig. 17-7. 


Fig. 17-7.—In this sweep 

waveform the voltage of the 

sawtooth portion is seen to v 
be much smaller than that of. 

the negative portion. 


This wave might be described as consisting of two 
parts, the sawtooth portion which has an amplitude of 
its own and the negative pulses which extend below the 


~ point where the sawtooth begins. As far as the cathode- 


ray beam is concerned, it treats the wave as a single 
entity, but because of the calibration of the trace in the 
vertical direction or due to the calibrated screen on the. 
face of the tube, it is possible to determine the peak- 
to-peak voltage value of any portion of the wave. 

Considering the total voltage between the top and 
bottom limits of the wave, it is seen to be the sum of 
12 + 105 or 117 volts and this can be determined by 
noting the length of the trace vertically between the 
squares of the calibrated screen, or by measuring the 
over-all height of the trace and converting it to voltage 
оп ће basis of 35 volts peak to peak per inch. If the 
linear scale is in front of the tube screen, then the volt- 
age amplitudes of the two parts of the wave can be 
determined readily by counting the squares which in- 
clude the respective parts of the wave. The sawtooth 
portion will include slightly less than 2 squares whereas 
the negative pulse, beginning at the bottom of the saw- 
tooth wave, will be located within 15 squares. This is 
shown in Fig. 17-8. 

Tf the linear scale is not used, then it becomes neces- 
sary to measure the respective portions of the trace and, 
with an over-all length of 4 inches corresponding to 
140 volts peak-to-peak, the sawtooth portion will have 
a vertical length of slightly more than 0.25 inch and the 
negative pulse will be about 3 inches long. 

The calibration of the oscilloscope for voltage meas- 
urements is in no way limited by the frequency re- 
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Fig. 17-8.—Fig. 17-7 seen against a calibration grill. 





sponse characteristics of the device. The latter is 
strictly a function of the design of the amplifier system. 
and the same may be said of the frequency range of the 
time-base oscillator in the instrument. Regardless of 
what these ranges may be, the vertical deflection (also 
the horizontal deflection when necessary) may be cali- 
brated in terms of signal voltage at the input to the 
system. The procedure is the same for all oscilloscopes 
although those devices which are equipped with self- 
contained calibrators usually are accompanied by spe- 
cial instructions which apply to the specific equipment. 
Changing the settings of the vertical gain control or 
‘attenuator will change the calibration since the control. 
determines the magnitude of signal fed into the ampli- 
fier, therefore, the dimensions of the trace per volt in- 
put. This is not to be confused with the deflection factor 
or sensitivity rating of the tube. Neither should it be 
confused with the sensitivity rating of the amplifier- 
deflection system combination as expressed in the os- 
illoscope manufacturer's literature. This figure of 
merit states the niaximum sensitivity with the attenua- 
ator set to zero attenuation or 1:1 ratio or the gain 
control wide open. 


Range of Voliayes Measurable 
‘with the Oscilloscope 

The signal voltages which can be measured in abso- 
lute levels (after calibration) with the oscilloscope bear 
definite limits on the low end as well as on the high end. 


The minimum values are determined by the oscillo- 
scope sensitivity rating as given in the manufacturers’ 
literature. Usually this is stated in terms of a 1-inch 
deflection for a certain number of volts or fraction 
thereof rms. Voltages less than this value may be meas- 
ured if a trace dimension of less than 1 inch is consid- 
ered usable. Sometimes it is and sometimes it is not, 
depending on the nature of the application. 

At the high end, the limiting factor is the voltage 
breakdown rating of the equipment which comprises 
the input system of the oscilloscope. Each oscilloscope 
bears such a rating and it should be observed. Usually 
itis given in rms values and sometimes it is given in d-c 
values. Whichever it may be, it is important to remem- 
ber that the d-e rating corresponds to the peak a-c 
rating and nof the rms rating. Thus if an input system 
is rated at 600 volts d.c. and it is to be applied across 
an a-c circuit, the maximum safe rms value is 600 x 
0.707 or roughly 420 volts rms. The reasoning behind 
this is that the d-c voltage rating corresponds to the 
peak a-c rating and the multiplying factor of 1.414 must 
be applied to the rms value in order to arrive at the 
peak value. 

In view of the voltages which are encountered in 
television receiver systems, oscilloscopes designed for 
such uses usually contain input systems which will ac- 
cept about 1,000 volts d.c. (707 volts rms) across the 
input circuit. Again we might remark that the safe in- 
put voltage varies in different instruments, therefore, 
it behooves the operator to determine the operating 
capabilities of his instrument and to use it accordingly. 
It is unsafe to take for granted that the constants of one 
device are duplicated in the products of another manu- 
facturer, or even in another model oscilloscope pro- 
duced by the same manufacturer, 





Efiect of Screen Diameter on Voltage Calibration 

It is unsafe to consider the deflection sensitivity 
rating of the cathode-ray tube as the basis of voltage 
calibration. On the other hand, the full sensitivity rat- 
ing of the amplifier-deflection system combination is 
very limited in use because a reasonable amount of 
signal voltage at the input will drive the trace beyond 
the limits of the tube screen and the trace dimension 
then cannot be used for determining signal levels. It, 
therefore, becomes necessary to decide the range of 
voltage measurement which will be encompassed by 
the calibration. (This requirement is greatly simplified 
by self-contained calibrators.) 

For example, if the oscilloscope manufacturer's rat- 
ing of maximum sensitivity is used, the highest voltage 
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measurable with the gain control wide open is deter- 
mined by the screen diameter, assuming about 90 per 
cent of the screen surface to be the useful diameter. 
This means that a typical rating of 0.05 volt rms per 
inch for a S-inch tube will allow measurement of volt- 
ages up to about 0.25 volts, On the other hand, if the 
voltage to be measured approximates 100 volts rms, the 
calibration will have to be made with such setting of 
the vertical-amplifier gain control that the system sen- 
ity is say 50 volts rms per inch. A trace dimension 
0,5 inch high then will correspond to 25 volts rms and 
a trace dimension about 4.5 inches high will establish 
the other limit of 225 volts rms. 








Effect of the Oscilloscope Input Circuit 
on Wavetorm 


‘The constants of the input system of the vertical am- 
plifier in the oscilloscope are capable of materially in- 
fluencing the shape of the signal being examined. This 
is true especially in those circuits wherein a resonant 
condition is responsible for the shape of the signal. The 
reason for the action is the capacitance of the oscillo- 
scope input system which is added across the circuit in 
the receiver. Sometimes the effect is negligible in view 
of the high amount of capacitance already present at 
the point where the oscilloscope is connected ;the added 
capacitance being relatively small, Or the input to the 
oscilloscope is via the attenuator probe, wherein the 
capacitance is held to from 5 to perhaps 10 ppf. But 
when the oscilloscope input system adds from 20 to 30 
‘maf across a shunt- or series-peaked circuit as in video 
amplifiers, the change in waveshape becomes a matter 
of chance, being dependent upon the frequency of op- 
eration, The higher the frequency at which the peaking 
takes place, the greater is the effect of the capacitance 
loading. Fortunately, this problem is limited, in the 
main, to the video amplifier where it always is advisable 
to locate the oscilloscope input at such a point in a 
stage where the impedance is lowest. 

From the practical viewpoint, the problem is not as 
serious as a theoretical discussion would indicate be- 
‘cause the reference patterns shown in service data take 
cognizance of the loading. These patterns are actual 
practical conditions with the oscilloscope in place and 
all that is needed is to match or approach the type of. 
pattern shown. Moreover, the conditions of test usually 
are stated and, while it is possible that the oscilloscope 
nsed for the observation may not be the exact one em- 
ployed by the manufacturer when the reference data 
were prepared, the difference in input capacitance be- 
tween diferent brands of probes or different brands of 





direct input circuits is seldom sufficient to introduce 
problems. 

The input resistance or impedance of the oscillo- 
scope, direct or through a probe, is capable of display- 
ing a loading effect which will tend to reduce the am- 
plitude of the signal voltage. Once more, however, 
reference data already take into account such loading 
so that unless the reference material was prepared 
much higher than that used for the maintenance work, 
the effect of loading will not be serious, at least not as 
far as the ability to locate a defective condition is 
concerned. 

Relative to the use of low capacitance probes as the 
input channel to the oscilloscope, it must be realized 
that these attenuate the signal, usually by a factor of 
10, so that when checking waveforms, the introduction 
of the probe will very materially reduce the over-all 
amplitude of the signal fed into the oscilloscope. This 
degree of attenuation may be sufficient to make the dis- 
play useless for study purposes, in which case, use of 
the regular input will be required and the effect on the 
waveshape recognized and allowed for in the analysis, 
Two effects may be noted; these are the possible loss 
of some high frequencies due to the increased capaci- 
tance and possible loss in over-all amplitude due to the 
circuit loading caused by the comparatively low input 
resistance presented by the oscilloscope input circuit. 
The latter effect is not usual, however, unless the meas- 
urement is made across a very high impedance circuit. 


Phase of Voltage Waveform 


As explained in Chapter 10, the phase of the voltage 
trace which appears on the screen of the oscilloscope 
isa function of the number of stages in the vertical am- 
fer of the testing device, or to say it more broadly, 
it is a function of the specific design of the oscilloscope 
iplifier. Interest in this condition lies in the possi- 
ity of confusion when comparing a reference trace 
with a test trace when the two are of opposite phase. 
Sometimes the oscilloscope contains a means of invert- 
ing the trace on the screen through 180°. Many oscillo- 
scopes do not contain this facility, in which case a slight 
problem arises. It will be necessary to correlate the two 
traces by visualizing the trace on the test oscilloscope 
screen turned through 180°. The equivalent of this is 
to examine the reference trace from the rear of the 
sheet on which it is printed, if this is possible. Simply 
turning the trace upside-down is not theanswer because 
this is not the same as turning the image through 180°, 
Examples of this are shown in Fig. 17-9A, B, and C. 
Illustration (A) is assumed to be a reference illustra- 
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tion whereas illustration (BB) is the wave as seen on the 
test oscilloscope screen. A comparison of (A) and (B) 
shows that the two differ by 180* in polarity. Illustra- 
tion (C), on the other hand, indicates that waveform 
(A) has been turned over in the horizontal direction 
аз shown by the double-headed arrow. This is not the 
same as turning it over in a vertical plane as shown by 
the double-headed arrow in waveform (B). The latter 
is the equivalent of the 180° phase change which is 
accomplished in the amplifiers. A change in orienta- 
tion of the pattern so that it corresponds to mirror 
symmetry, shown by oscillograms (A) and (B) in 
Fig. 17-9, is the correct one, 


‘Wavetorms in Low-Voltage Power Supplics 

In view of the discussion contained in Chapter 19, 
it is unnecessary to dwell upon this phase of waveform 
observation in television receivers in this chapter. 
These procedures, which are described in general 
terms, are applicable in their entirety to the low-voltage 
power supplies in television receivers, 


Required Frequency Range of the Oscilloscope 
‘Fundamental frequencies associated with operations 
n the sync, sweep, and video systems of a television 
receiver usually arg 60 cps and 15,750 cps. But due to 
the shapes of these waves, a wide range of frequencies 
are involved, The background for this condition was 
discussed in detail in Chapter 10. In the meantime we 
might say that certain minimum frequency require- 
‘ments exist in the oscilloscope which is used for wave- 
form observation in such equipment. At the low end 
of the range, a low limit of say 20 to 30 cps is adequate 
and this figure is attainable in virtually every oscillo- 
scope, In fact there is no problem relative to the lowest 


frequency. It is at the high end of the pass-band of the 
vertical amplifier that problems arise. For general 
service operations, we can say that an oscilloscope with 
a top frequency of 300 ke for the vertical amplifier is 
entirely suitable, Of course it is better if the upper 
limit of frequency is 1.0 Mc or even higher for reasons 
which are given in Chapter 10, but the lower limit 
stated above is entirely satisfactory. At the low end of 
the vertical-amplifier bandpass, the lower the limit the 
better, but a low limit of 20 to 30 cps is entirely satis- 
factory. As a rule the commercial equipments offer a 
lower range than this. 


‘Square-Wave Testing 

The most conclusive information about the merit of. 
a video amplifier is obtained by feeding a square-wave 
voltage to the amplifier input and observing the wave- 
form of the voltage at the amplifier output. The square- 
wave test is mace as follows: 


1. Set up the equipment as shown in Fig. 17-10. 





Fig. 17-10.— Block diagram of circuit for square-wave testing. 


2. Adjust the square-wave generator so that a 60- 
eps wave is fed to the video amplifier (keep the gen- 
erator output low so that the video amplifier will not 
limit and give an erroneous pattern). The wave ob- 
served on the oscilloscope will give much information 
about the low-frequency response of the video ampli- 
fier. A chart showing some of the curves which may 
be seen, together with the video-amplifier defects re- 
sponsible, is shown in Fig. 17-11. 

3. Set the square-wave generator so that a 25-ke 
wave is obtained (as before, the generator output 
should be kept low to avoid overloading of the video 
amplifier). Whenever possible, the attenuating probe 
should be used with the oscilloscope for this test, since 
its capacitance shunting the video amplifier output ie 
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Fig, 17-11.—Tabolated information on the square-wave testing the frequency response of video amplifiers. 


Jess than when the direct probe is used. When the video 
amplifier has a low-impedance output, such as would 
be obtained when the last stage is a cathode follower 
working into a low-impedance line, this precaution 
need not be observed. 


Information about the high-frequency response of 
the video amplifier may be obtained from the curves 
observed on the cathode-ray tube, Fig. 17-11 shows 
some of the effects, together with the characteristics 
which produce them. 


CHAPTER 18 
TRANSMITTER TESTS 


‘The application of the cathode-ray oscilloscope to 
the testing and adjustment of transmitters involves 
measurements of amplitude, frequency, and phase char- 
acteristics, All of these have been discussed previously 
in this book, The manner in which each of these is im- 
portant is determined by the nature of the measure- 
ment — by the specific section of the transmitter which 
is under test. No new principles are involved, so that 
much of what has been said in preceding chapters will 
be found applicable to the pertinent parts of trans- 
mitters. It is, of course, important that the basic opera- 
tion of the transmitter be understood for the oscillo- 
grams which are developed by means of the cathode- 
Tay oscilloscope are nothing more than pictorial evi- 
dence of the conditions of operation existing in the 
system being examined. They indicate the presence of. 
correct operating parameters or the existence of in- 
correct relationships of voltage, current, resistance, or 
impedance. 

The labels associated with the oscillograms describe 
the electrical conditions which may give rise to the 
waveshapes shown. Quite frequently several related 
factors are responsible; one of several may be respon- 
sible but it is impossible to select one of these to the 
total exclusion of all others because one operating 
parameter may influence the status of another. Since 
only a limited number of oscillograms can be shown 
conveniently, several of each type are offered as guides 
во as to satisfy the greatest number of variations which 
an operator may experience. No pretense is made that 
more could not have been given, nor that other kinds 
of transmitters, or places in transmitters could not have 
been investigated. Unfortunately, space limitations did 
not allow the inclysion of more oscillograms. Subse- 
quent revisions of this text will offer elaborations of 
what is contained in the first edition. The same is true 
of the kinds of transmitters which are covered. It so 
happens, however, that the transmitter arrangements 
selected and most completely represented are those 
which find more prominent use, therefore, the tests 
illustrated by oscillograms will serve the greatest num- 
ber of readers, At least it is hoped that such will be the 
case, 








Basic Circuit 


Fig. 18-1A and B shows the two basic systems for 
making oscilloscope measurements on amplitude- 
modulated transmitters. The process involves feeding 
the r-f signal (modulated or unmodulated as the case 
may be, invariably the latter) to the vertical-deflection 
system, This may be directly to the vertical-deflection 
plates without benefit of the vertical amplifier, or to the 
vertical-deflection plates via the vertical amplifier. The 
controlling influence is the frequency of the r-f signal 
relative to the frequency pass-band of the vertical am- 
plifier. Generally speaking, the most commonly used 
arrangement is to feed the rf signal directly to the 
plates and this applies to all frequency ranges. 


to the deflection 
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tions of the instrument serve the numerous purposes 
which were described in Chapter 10. 

It so happens that the most prominent tests made on 
a-m transmitters involved the matter of modulation, or 
the modulated carrier. This is so because the conditions 
of operation in the modulator stage and in the final r-f 
output stage determine, to the greatest extent, the be- 
havior of the transmitter ; whether or not it radiates a 
signal which is free from spurious emanations and af- 
ords utmost intelligibility. Improper conditions in 
other parts of the test transmitters also are shown, but 
in the main, they revolve around these two parts of the 
system, As stated previously, the most frequently used 
type of a-m transmitter was selected for the portrayal 
of conditions. This is the high-level plate-modulated 
system, using a Class B modulator and a Class C r-f 
amplifier. 

To obtain a number of significant oscillograms di- 
rectly, three transmitters were set up and operated 
under different conditions, In all cases except where 
otherwise noted, the modulating signal was a wave of 
about 400 cps fed into the speech amplifier. 

Most of the oscillograms shown are of three types. 
One type is the carrier with or without modulation, 
wherein the linear time base in the oscilloscope is re- 
sponsible for the horizontal deflection. Only the r-f 
‘output from the transmitter is fed to the oscilloscope. 
This kind of trace is frequently identified as a block 
pattern. Because the sweep frequency is very low in 
‘comparison to the modulating frequency (if itis used) 
the pattern appears as a rectangular block of light be- 
cause neither the individual cycles of the carrier or the 
envelope of carrier amplitude variations corresponding 
to the modulation can be seen. The presence of modu- 





lation is 
greater brilliance, which traverses the block. Examples 
of such patterns appear in Figs. 18-2 through 18-4. 











Fig. 18-3.—1f the oscilloscope sweep is adjusted to a fre- 
quency which is low relative to the modulating frequency 
(nonmtegral ratio) the modulated carrier will appear as a 

r trace of light, The single streak of bright light 
which divides the pattern in half indicates 100 per cent sıne- 
wave modulation. 


‘The increased brightness of the trace responsible for 
the appearance of the lines in the modulated patterns is 
due to the positioning of the negative or downward 
modulation peaks, The higher the percentage of modu- 
lation, the closer are these points of maximum trace 
intensity (slowest beam velocity across the screen) to 
each other. With 100 per cent modulation, they form 
a single narrow line. For lower percentages of modu- 
lation, these lines are located farther apart. The ab- 
sence of such a line in the trace indicates the absence 
‘of modulation, although it must also be mentioned that 
such a block pattern of a carrier high in harmonic con- 
tent will produce a streaked pattern wherein the lines 
of greater intensity will not uniformly divide the pat- 
tern in the horizontal direction. 





The second type of oscillogram is the one which illu 
trates the modulated-wave envelope or modulated car- 
rier. This is a plot of the changes in carrier amplitude 
or r-f voltage with time. In this case, too, the r-f signal 
from the transmitter output is fed to the vertical-de- 
flection system and the linear time base or sweep in the 
oscilloscope is adjusted to some submultiple of the 
modulation frequency. After proper synchronization, 
the pattern will remain stationary. The trace is typified 
by Fig. 18-5A and Fig. 18-6. The third main category 
of oscillograms is the trapezoid; in this case, the 
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Fig. 18-5—(A) Modulated-wave pattern, (B) trapezoidal 
type trace, 


changes in r4 (carrier) voltage are plotted against 
changes in modulating voltage. The r-f voltage is ap- 
plied to the vertical-deflection system of the oscillo- 
scope and the modulating voltage i» applied to the 
horizontal-deflection system (usually to the horizontal 
amplifier input ) through appropriate circuits. The con- 
formation of the trapezoid appears in Fig. 18-5B. 


Fig. 18-6—Oxcillogram of 
the wave envelope showing 
100 per cent sine-wave modu- 
lation of the carrier. This 
trace will be referred to in 
subsequent illustrations. 





‘The trapezoidal pattern can reveal many details of 
transmitter operation which are not clearly evident in 
the wave envelope type of trace, therefore, it is to be 
preferred for numerous tests. It is simpler to develop, 
requires no critical oscilloscope time-base or synchro- 
nizing adjustments, and is equally suitable for sine- or 
complex-wave modulation, The wave envelope type of 
trace can be developed for complex-wave modulation 
but unless all the modulating components are in har- 
monic relation with the sweep frequency, the trace will 
wander and willnot be suitable for study purposes. 

These three kinds of traces may be developed with 
speech modulation, and they are very interesting to 
observe. The block and wave envelope types of patterns 
will be seen to rise and fall in height with modulation, 
whereas the trapezoid will be noted to expand laterally 
from a single vertical line to a trapezoid or to a tri- 
angle which is lying on its side, dependent on the char- 
acter of the modulation process. 


Examination of the individual cycles of the carrier 
are not readily possible, although if the frequency is 
low enough relative to the time-base oscillator fre- 
quency range, a maximum about 50:1, the manner in 
which the different amplitudes of the carrier cycles 
form the wave envelope when the carrier is modulated 
will be discernible. Such display is not particularly 
valuable in connection with transmitter testing; the 
usual wave envelope and trapezoid presentations are 
entirely adequate. 





Precautionary Measures 

It is well, right at the outset, to issue warnings con- 
cermng the possibility of danger when making waver 
form tests in transmitters which involve high operating 
voltages in the r-f and modulator systems, for that mat- 
ter, throughout the transmitter, Circuits used to feed 
r-f and modulator output signal voltages to the oscillo- 
scope are shown later in this chapter. The utmost pre- 
caution» must be used in the handling of connecting 
leads which make direct connection between the oscil- 
loscope and portions of the transmitter. It is always 
best if the r-f voltages are inductively coupled rather 
than capacitively coupled, If it must be the latter, then 
the operating voltage ratings of the coupling capacitors 
should be at least twice the highest voltage possible in 
the transmitter at the point where the signal is being 
tapped off. 

Only well-insulated connecting leads should be used 
and every connection must be solid and well made. 
Shielded wire is preferable so that the shield may be 
grounded and thus avoid complications due to feed- 
back. Connections to high-voltage circuits must be 
insulated against flashover to ground. Connections 
should not be made with the high voltage applied to 
the transmitter. If connections are made to the deflec- 
tion plates via pin-jacks or terminal boards, adequate 
separation must be provided between the point of con- 
tact and near-by rounded points so as to protect against 
fiashover because it may do irreparable damage to the 
oscilloscope, Care must be exercised to observe the 
voltage limits specified in the oscilloscope equipment 
specifications. Whenever possible, r-f voltages, applied 
to the deflection plates or to the vertical amplifier 
input, should be obtained via inductively coupled cir- 
cuits as shown later in Fig. 18-7. 

When feeding signals from the modulator stage to 
‘the horizontal amplifier as shown in Fig. 18-7, care 
must be exercised in the selection of capacitive and 
resistive elements against voltage breakdown or flash- 
over. It should be rethembered that signal voltages, 
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applied to the input circuit of oscilloscope amplifiers, 
need not exceed 1 volt, as a rule, in order to afford a 
satisfactorily dimensioned trace. 


Amplitude Modulation 

There are two main types of patterns that may be 
obtained in amplitude-modulation tests: Modulated- 
wave envelope and trapezoidal patterns. 

A modulated-wave pattern, or envelope, is shown in 
Fig. 18-5A. The internal sweep of the cathode-ray os- 
cilloscope is adjusted to a submultiple of the modulat- 
ing frequency. For example, using 400-cps modulation, 
the sweep frequency would be 400/4 = 100 cps to show 
4 cycles on the tube screen, as in Fig. 18-6 The ver- 
tical deflection is obtained using the circuit of Fig. 
181. 

The height of the peak above the horizontal axis 
plus the depth of the peak below it will give the peak- 
to-peak dimension Ewes, in Fig. 18-5, and the trough- 
to-trough dimension, across the horizontal axis, is 
Ena. The figure compares carrier patterns with the 
trapezoidal (to be discussed shortly). The percentage 
of modulation is, then 


Percentage — 





where Emax and Ems are measured in any convenient 
units. A typical oscillogram of a carrier modulated by 
a sine wave is shown in Fig. 18-6. 

When a trapezoidal pattern is wanted, the audio 
voltage used for modulation is also used for horizontal 
deflection. Since only a portion of this voltage is re- 
quired, some sort of voltage reduction is used. A prac- 
tical method is indicated in Fig. 187A. RI and R2 
forma high-resistance voltage divider. The signal level 
output is controlled by adjusting the movable contact 
on R2. The blocking capacitor C1 should be 0.1 nf or 
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larger and have a d- voltage rating twice the maxi- 
mum potential in the circuit. The total resistance, of 
RI + R2, should be about 2,000 ohms per volt of 
modulator output (0.02 megohm per volt). The r-f 
signal may be picked up by the arrangement in Fig. 
18-7B or 18-7C. 

The percentage-of-modulation formula previously 
given also applies to the trapezoidal case. A typical 
trapezoidal pattern is given in Fig. 18-8. 


Developing the Trapezoidal Pattern 

The vertical displacement of the spot on the tube 
screen is a function of the modulated r-f signal; the 
horizontal displacement corresponds to the audio volt- 
age from the modulator or some other selected point. 
The trapezoidal figure establishes the relationship 
between the two signals visually. Since the rate of am- 
plitude modulation of the carrier is equivalent to the 
modulating frequency and the identical audio signal 
is used for horizontal deflection, the pattern and the 
sweep do not need synchronizing. 

Fig. 18-9 shows the development of the trapezoidal 
pattern. It indicates, at (A), two cycles of the modu- 
lated wave envelope and one cycle of the audio voltage, 
with the resultant trapezoid structure. The numbered 
points on the envelope of the modulated wave corre- 
spond to those on the audio wave, and on the devel- 
oped trapezoid. The negative peak of the modulated 
wave corresponds to the negative peak of the audio 
wave. Since both halves of the modulated wave are 
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Fig. 18-9—(A) Development of the trapesoidal pattern; 
(B) the final trapezoidal pattern. 





be similarly numbered. 

Displacement of the spot across the screen in one 
horizontal direction is accomplished by the change in 
voltage between points 1 and 6 of the audio wave. The 
return trace of the spot in the horizontal direction is 
accomplished by the change in voltage between points 
6 and 12 of the audio wave, so that the completed pat- 
tern really consists of two traces, but since the hori- 
zontal displacement of the spot is occurring at a fast 
rate, the pattern appears as a single image. When the 
spot is in position 0 along the X-axis, itis being dis- 
placed along the vertical or Y-axis by the voltage dif- 
ference between 0-0 of the modulated wave at that 
instant; a single line, therefore, is evident upon the 
screen. It is to be remembered that the vertical motion 
of the spot takes place at the carrier frequency, and 
the peak of each wave of the carrier is determined by 
the audio modulation. As the spot moves horizontally 
toward the other end of the screen, that is, toward posi- 
tion 6, the peak amplitude of the modulated signal volt- 
age is also increasing at exactly the same rate, so that 
a5 the spot reaches positions 1, 2, 3, 4, etc., along the 
horizontal axis, the modulated carrier voltage also 
reaches points 1, 2, 3, 4, etc., and the displacement of. 
the spot in the vertical direction is determined by the 
peak voltages between points 1-1, 2-2, 3-3, 4-4, etc, 
of the modulated wave. 

It is evident that as the spot moves in the horizontal 
direction, from 1 to 6, vertical displacement will also 
take place for the various peak values of the modu- 
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lated carrier. At any instant, lines, such as are shown. 
for spot positions 1 and 2, appear upon the screen. 

As the spot moves to 6, representing the limit of the 
sweep in one direction, the vertical displacement cor- 
responds to the modulated peak voltage between points 
6-6 upon the modulated curve. As the spot starts mov- 
ing back across the screen and reaches point 8 upon 
the horizontal sweep-voltage curve, the vertical dis- 
placement is that due to the peak voltage between 
points 8-8 upon the modulated wave. This point cor- 
responds with points 4-4. As the spot reaches point 12 
along the horizontal sweep-voltage curve, which is the 
audio voltage curve, the vertical displacement is that 
due to the peak voltage between 12-12. This corre- 
sponds to points 0-0, and the cycle repeats. The result 
is a stationary pattern of the type shown in Fig. 18-9B. 
Itis to be noted that the form of the modulating wave 
has no effect upon the pattern. The only requirement 
for the pattern to be a straight-sided trapezoid is that 
the amplitude of the carrier be linear with respect to 
the modulating voltage. By this is meant that the 
change of carrier amplitude, with respect to an un- 
modulated carrier, is proportional at any instant to the 
amplitude of the modulating viltage. If the amplitude 
of the carrier is not linear, the trapezoid will not have 
straight sides. This is indicated in parts (C) and (D) 
of Fig. 189. 

It may happen that the modulation envelope may 
differ in phase from the audio signal, especially if the 
audio connection is to a point other than the modulator 
output. This means, of course, that there is a time 
difference between the signal and the envelope ; for this 
reason, a return trace will not fall exactly upon the 











Fig. 18-10—Development of a trapezoidal pattern when 
the phase of the modulator output and r-f voltage differ from 
that which existed in Fig. 18-9. The elliptical sides of the 
trace shoul be borne in mind because they may be encountered 


18-9), but are shown ar the 
astrations wherein the trace 
on the oscilloscope involves a phase relationship between rf. 
and audio at the oscilloscope which differs from the conditions 
actually existing in the transmitter. 





forward trace. Fig. 18-10 is an illustration, Here the 
envelope lags the modulation slightly; it reaches its 
peak at the instant ó, while the modulating voltage is 
already decreasing, having passed its peak at the in- 
stant 5. Fig. 18-11 illustrates the development of a 
trapezoid pattern showing where the r-f is completely 
cut off (overmodulated) for part of the cycle. The 
method outlined for Figs. 18-9 and 18-10 is applied to 
Fig. 18-11. 

Asa matter of fact, the upper and lower boundaries 
of the trapezoid (or approximate trapezoid) are a pair 
of Lissajous figures! formed by the modulation en- 
velope and the modulating voltages, with the space 
between them occupied by the r-f trace. While a non- 
sinusoidal signal input will not affect the linearity of 
the sides of the trapezoid, it will introduce a series of 
bright vertical bands in the pattern, corresponding to 
the irregularities present in the audio signal. This is the 
result of nonuniform horizontal motion ; as the spot 
moves slower and faster, the individual r-f waves are 
closer or wider, and, accordingly, the pattern appears 
brighter or dimmer. 

T Set Chapter 12 for a discussion of Lissajous Figures. 
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VERTICAL 
DEFLECTION VOLTAGE 


HORIZONTAL 
DEFLECTION VOLTAGE 


Fig. 18-11.—Development of a trapezoidal pattern when over- 
modulation exists. Note that the carrier is cut off completely 
during a part of the negative cycle of the audio voltage. This 
is shown by the horizontal line without any vertical deflection. 
Different degrees of overmodulation determine the extent of 
this line relative to the remainder of the trace. Note the 
straight sides of the trapezoid which indicate that modula 
tion із linear until the instant when the audio exceeds the 
level required for carrier cutoff 





Symmetry of modulation can be determined by ex- 
amination of the wave envelope or trapezoidal pat- 
terns. In wave-envelope patterns, the positiveand nega- 
tive peaks will be alike in form and amplitude, if there 
is symmetry. The carrier height (no modulation) must 
be midway between the positive and negative audio 
heights. When judging trapezoidal patterns for sym- 
metry, a horizontal reference line drawn from the mid- 
point of the Emu amplitude should bisect the Ene 
amplitude. Both halves of the pattern, above and below 
this horizontal reference line, should be alike. Modu- 
lation percentage is found in the same manner as used 
for the carrier pattern. 





A-M Tranamitter Output Oscillograms 


In view of the details concerning oscilloscope opera- 
tion which were given in previous chapters, we shall 
devote little space here to that subject. A few very per- 
tinent matters will be commented on, but for the gen- 
eral conditions, we refer the reader to preceding chap- 
ters especially Chapters 9 through 17. A general pre- 
caution is to make certain that r-f energy intended for 
the vertical-deflection system is not coupled into the 
horizontal system and vice versa; if this happens, the 
patterns will contain details which can well lead to 
confusion and erroneous conclugions. 





Tt would be well to reiterate here that, unless other- 
wise stated, sine-wave modulation was employed. Since 
the conditions of test may not always be the same and 
the patterns seen on a test oscilloscope may be of vari- 
ous kinds although the tests may be of the same type, 
a number of oscillograms are shown for certain kinds 
of tests. These will tend to create the greatest familiar- 
ity with the subject at hand and most likely satisfy most 
of the test conditions which will be used for the check- 
ing of amplitude-modulated transmitters. 


Typical Proper Conditions of Operation 


Relative to the display of transmitter oscillograms, 
Fig. 18-12 illustrates a modulated-wave envelope trace 
when the sweep in the oscilloscope is not properly ad- 
justed ; that is, the frequency of the sweep is not an 
integral submultiple of the modulating frequency. 


Fig. 18-12-— Example of a 
wave-envelope trace when the. 
oscilloscope sweep frequency 
is not an integral submultiple 
of modulation frequency. The 
pattern will be in motion. 
(See references to sweep ad- 
justment in Chapter 10.) 


Proper adjustment of the oscilloscope time-base fre- 
quency control and the synchronizing control results 
in the stationary pattern illustrated in Fig. 18-13. For 
more details on such adjustments, refer to Chapter 10. 





Fig. 18-13—Example of a modulated-wave envelope trace 
when the oscilloscope sweep frequency is an integral sub- 
multiple of the carrier modulating frequency. When properly 
synchronized, the trace will be stationary and can be studied. 
‘The vertical dimension ofthe trace isa function of the coupling 
between the r-f source and the link system which feeds the 
modulated signal to the oscilloscope deflection system. 


For examples of transmitter operation when conditions 
in the modulator and final r-f stages are correct see 
Fig. 18-14. Obviously these traces are predicated upon 
the existence of proper conditions ahead of the final r-f 
stage and ahead of the modulator stages. Variations of 
these appear later and are separately classified, + 


TRANSMITTER TESTS 645 


Fig. 18-14—(A) Example of a modulated-wave envel 
showing the carrier modulated 30 per cent by a sine wave. (B) 
Example of a trapezoidal trace foc conditions described in 
Fig. 16-144, 


Fig. 18:14—(C) Example of a modulated-wave envelope 
when the carrer is modulated $O per cent by a sine wave. (D) 
Block pattern of an r^f carrier modulated 50 per cent by a 
sine wave (Fig. 18-14C), The oscilloscope sweep frequency 
er ow [n comparison with the modulating frequency 
for this trace. 





Fig, 18-14—{E) Example ot a modulated-wave envelope 
degener A pa od aiia Qr si ре 

карада pater. corresponding 1o. Conditions 
tthe in Fg а Е : 


Fig. 18-14G and H.—Trapezoidal traces corresponding to 
the T0 per cent modulation shown in Fig. 18-6. The phase be 








tween af and rf components fs different. Note tha the 
ference berween (G) and. (H) i & funcion of the test 
rangement and ia not evidence of a change in the character 
the modulated wave. Without modifying the transmitter, pat- 
tern (G) can be changed to that of (H) by simply changing 
the point ‘which feeds the audio modulating aigna to Ue 
horizontal amplifier of the oscilloscope: that ior (G) was 
taken from the output ot the modulator whereas for (H), i 
Was secured from the input to the apeech ampiger 











(RF PLATE VOLTAGE) 
Fig. 18-15.—(A) Four cycles of the modulated-wave en- 
welope to be used as the standard of comparison. This trace 
Corresponds to proper plate voltage applied to the r^f fal 
stage with respect to the modulator output stage. (B) Here 
{nthe same trace changed in appearance and amplitude by a 
reduction in piate voltage applied 1o the c fral stage, Flat- 
teni itive and negative peaks is visible, 
Cg [more peomacacuf. Ia 
plate voltage applied a stil suficient to prevent overmodula 


Fig, 18:15—(C) The trace in Fig. 18-15B is still further 
modified by a greater reduction in plate voltage. The positive 


таме, Ш) The trapescidal trace to Fig. 
‘shows the flattening on the upward swings in modula- 
overmodulation at the ‘swings and the 


(INSUFFICIENT. EXCITATION EXCESSIVE BIAS 
—OVERMODULATION) 

Fig. 18-15—(E) Oncillogram of the modulated wave when 

өз Тї екшш кыш! и ы КЧ tel sages aunt 

саа caren үз to the 

age Unie ome the amount 


‘Girecton may 
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Fig. 18-15—(G) The nonlinearity in modulation due to im- 
proper rf final bias (excessive) is clearly evident, although 
100 per cent modulation of the carrier is being accomplished. 
(H) This is the trapezoid corresponding to the modulated 
wave envelope shown in Fig. 18-1SG. The sides of the trapezoid 
are concave throughout their length indicating the absence of 
linearity in modulation throughout the cycle. 





Fig. 18-15—(1) Oscillogram of the modulated-wave en- 
yelope when the excitation s insufficient and the r-f final bias 
is excessive, but the modulator output is normal. Virtually the 
entire negative audio cycle is absent in the modulated wave. 
Note the nonlinearity during modulation in the upward direc- 
ton. (J) Here is the trapezoidal pattern corresponding to the 
wave envelope shown in Fig. 18-151 





Fig. 18-15.—(K) Oscillogram of a modulated wave when 
-f excitation to the final is very low and the modulator output 
1s such as to cause some overmodulation. The inability of the 
‘output current to rise with plate voltage applied to the r-f tube 
зп evidenced by the very flat-topped wave. (L), (M) Here are 
two examples of the trapezoidal pattern corresponding to Fig. 
18-15K. Paftern (L) is for the correct phase conditions at the 
oscilloscope, whereas trace (M) indicates a difference in the 
t-f voltage—audio voltage phase relationship in the transmitter 
and at the oscilloscope. 


Fig. 18-15—(N) An oxcillogram of a carrier modulated 
100 per cent by a sine wave when the modulation is nat nar 
on the upward swing. with Fig. 18-156. (О) 
try trace corresponding to Fig. 1€15N, The curvature 
of the sides of the trapezoid is the exact opposite of that shown 
in Fig, 18-1SH. Te i interesting to note that the curvature of 
the sides of the trapezoid is related to the linearity of the up- 
ward and downward modulation. Sides which curve inward 
(Fig. 18-1SH) indicate nonlinearity during downward modu 
Non; sides which carve outward indicate nonliacarity during 
upward modulation. Nonlinearity during both directions of 
‘modulation can result in a trapezoid with sides which curve 
outward over a portion of the trace and inward over another 
portion of the trace. 











(MISMATCH BETWEEN MODULATOR AND 
R-F FINAL STAGE) 

Fig. 18-16—(A) Oscillogram of modulated-vave envelope. 
for proper match between modulator and r-f final stages. Com- 
pare with oxcillograms which follow. (B) Oscillogram of 
rapezoidal pattern corresponding to Fig. 18-16A. 


Fig. 18-16—(C) Oxcillogram of modulated-wave envel 
corresponding to Fig. 18-16A when the modulator stage 
which is higher than required. Without any 
'to the modulator 


Fig. 18-16—(1) Oscillogram of modulated wave showi: 
distortion dus S misma Y and EE 
age a ow level ition. (J) Increase in 

humic (Fig, 18161) renda x increased гоа the 
modulated- wave envelope. 








Fig. 18-16—(K) Very bad mismatch modifies pattern of 
Fig. 18-161 to appear as pattern shown here. Note the low per- 
centage of modulation. The input to the speech amplifier is 2 
sine wave. (L) Pattern indicates wave envelope of carrier 
modulated at a somewhat higher percentage than in Fig. 
18-16) and with equally bad impedance mismatch. 





(IMPERFECT NEUTRALIZATION—OSCILLATION) 
Fig. 18-17-—(A) Oscillogram of modulated wave illustrat- 
ing the development of oscillation in-the rf final stage at the 
Tea ol upward modulation. (Compare with Fig MIA) (B) 
rapezoidal pattern corresponding to Fig. 18-17A. Note steep 
pise at extreme left which corresponds to peak amplitude of 
modulated wave. 





Fig. 18-17—(C) Another example of a modulated wave 
obtained from a final rf stage which has been denestrallzed. 
Note that oscillations begin at the start ofthe upward modula- 
tion and cease as the peak modulation i reached. This ia sul- 
fient to destroy all ntelbgibüity. (D) Trapezoidal pattern 
Sorresponding to Fig. 1&-17C. 








Fig. 18-17—(E) Wave envelope of modulated carrier ob- 
tained (rom rf ral vage which has been improperly neutral 
ized. Severe tortion results although oscillation in nage 
ot as evident a1 in Figa, 18-17 A and C. (F) Trapezoidal pat- 
tern corresponding to Fig. 18-17E. 














(RF DETUNING AND IMPERFECT 
NEUTRALIZATION) 

Fig. 18-18—(A) Another example ofthe effect of imperfect 
neutralization of the fal rjf amplifer. The distortion it 
severe, SE wih Pie IUE (B) This, тый: 

except that the plate voltage applied 10 
though everyting ehe was 








18-18.—(E) The stage depicted doubl- 

tg eal ee Grn led ni Se peak ы тес 

"ieri ol dos vere D es severe, (F) 
а trea corresponding 1o Fie 18- 
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Fig. 18-18—(G) Another example of oscillation accompany- 
ing detuning in a push-push doubling final r-f наре О. 
tion at the peak of modulation can be seen clearly ; the presence 


ج 





Fig. 18-18—(1) This is an example of detuning in a straight- 
forward r^ fal stage plate tank which has been properly 
neutralized. Nonlinear operation prevails over most of the 
upward modulation, whereas substantially linear modulation 
prevails during the downward modulation. The distortion it 
ery severe: (J), The trapezoidal trace corresponding to Fig. 
T&-IBI. The nonlinearity over a portion of the modulation 
process is clearly seen. 


(MODULATION WITH DISTORTED AUDIO) 

Fig. 18-19.—(A) Oxcillogram of modulated-carrier-wave 
envelope when audio signal is distorted as shown in (B). The 
audio distortion is caused by overdriven stage in speech am- 
рйбег. Modulator system incapable of modulating r-{ final. 
CC) ‘Trapezoidal pattern corresponding to wave envelope in 
Fig. I8-19A. Its fnteresting to note the sides of the trapezoid 
when the r-i and modulating voltages are properly phased at 
Tbe oscilloscope and when phase displacement exists at the dis- 
play device. The sides are symmetrical although the modulating 

nal is distorted. (See Fig. 18-19E.) 














ig. 18-19— (D) Oseillogram of. modulated-earrier-vave 
envelope with overdriven speech amplifer. Percentage of mod- 
ulation ‘comparatively low. Character of envelope indicates 
Another example of distorted audio waveform. (E) Osclllo- 
fram of trapezoidal pattern corresponding to Fig. 18-19D, 
Brae shit between rand audio exists at oscilloscope relative 
to phase relation at modulator output. Note the correspondence 
between shape of carrier envelope for forward trace of trape- 
zoid and for the return trace, that is, the steps in the modula. 
tion pattern and the trapezoid. (Compare with Fig. 18-19C.) 
In the absence of phase shift between r4. and audio at the 
oscilloscope, the sides of the trapezoid (Fig. 18-19E) would 
be symmetrical. 








Fig. 18-19—(F), Another example of modulation when the 
audio is distorted, The first stage in the speech amplifier was 
overdriven. (G) ‘The trapezoidal trace corresponding to Fig. 
18-19F with phase shift. The kinks in the audio wave are evi 
dent in the trapezoid. Obviously the modulating capability of 
the audio system is inadequate, 


Fig. 18-19.—(H) Oxcillogram of overmodulated wave with 
severe distortion amounting almost to square-wave modula 


Fig. 18-19.—(J) Another example of severe audio distortic 
is ol the modulated. wave en- 
i overdriven. 
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ig. 18-19.—(M) Oscillogram of modulated wave with un- 

balanced modulator stage. One modulator tube only partially 

effective. (N) Oscillogram of modulated wave when modulator 

stage is overdriven. Compare with Fig. 18-19%. Obviously 

imilar types of distortion can develop at different points in the 
io sytem. 














(HUM PATTERNS) 

Fig. 18-20—(A) Oscillogram of hum modulation of carrier. 
Carrier was modulated at 10 cycles. (B) Oscillogram of 
modulated wave with hum present in modulator power supply, 

‘capacitor open. (C) Oseillogram of modulated wave 
with hum present in r-f power supply, filter capacitor open. 
Compare with Fig. 18-20B. Hum in modulator system causes 
much more complex pattern 





(IMPROPER TEST PROCEDURES) 
Fig. 18-20.—(D) Oscillogram of modulated wave (sine- 
wave modulation) and 60-cycle hum pickup with audio source 
ungrounded and unshielded connecting leads between devices. 
(CE) Spurious oscillations due to lead dress of unshielded test 
leads connected between audio modulating source (no modu- 
lating signal) and transmitter and oscilloscope. Pattern dis- 
appeared when shielded leads were substituted. 





Fig. 18-20—(F) Distortion of modulated-wave envelope 
due to overloading in vertical amplifier of oscilloscope when 
Carrier frequency necessitated use of oscilloscope vertical am- 
plifer. (G) Virtual rectification of modulated carrier of Fi 
18-20F when signal level fed into vertical amplifier of oscil 
loscope was increased. 





Fig, 18-20—(H) Oscillogram of modulated-wave envelope 
'under proper test conditions. (I) Illustrates leakage between 
the input terminals of the oscilloscope’s horizontal amplifier 
and the horizontal amplifier system (which was disconnected) 
When the linear sweep within the oscilloscope was used to 
develop the modulated-wave envelope. The input terminals of 
the horizontal amplifier remained connected to the output of 
the modulator, Removing the leads from the horizontal ampli- 
fier input terminals produced the correct trace as shown in 
Fig. 18-20H. 














i. 16:20). (C Another example ol the conditione 
vods in Figs M Dni aod T respectively, ecepte that the mod- 
‘lating signal is distorted and modulation is not linear. 
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‘Typical Improper Conditions oí Operation. 


In Figs. 18-15 through 18-20 are shown a number 
of oscillograms representative of transmitter output 
when the conditions of operation in the final rf stage 
(Class C) and the modulator stage are incorrect. Both 
modulated-w ive envelope and trapezoidal types of pat- 
terns are included. The latter more clearly indicate the 
condition and it is suggested that they be used in pref- 
erence to the wave envelope variety. It may seem that 
a number of different conditions are productive of simi- 
lar effects. This is correct and it is important to realize 
that itis very difficult at times to select individual con- 
tributing causes as being responsible for a certain 
typeof pattern because of the interdependence between 
operating parameters in the final r-f stage. This should 
cause no concern, however, because the locale of the 
improper operation is indicated even when it involves 
both the modulated and the modulator stages. It then 
becomes a matter of checking the operating voltages 
and signal conditions in these stages. 

Duplication of the reference patterns demands iden- 
tical conditions. These are unlikely, therefore, the pat- 
terns shown should be accepted as patterns typical of 
conditions. It is likely that tests made on transmitters 
will result in oscilloscope displays which resemble the 
reference pattern, and in this connection, the trapezoid 
trace will most closely approximate the appearance of 
the reference pattern. This has been our experience 
over many years of such tests. 


Amplitude Modulation by Phase-Shitting Method? 

‘There is an interesting method of obtaining ampli- 
tude modulation by using two r-f signals of the same 
amplitude and frequency, varying the phase between 
them by the audio signal, and combining the two out- 
puts. 


D Fig. 18-21.—Series 
d ° EDEN 
Courtesy CQ 


The basic theory may be explained by supposing two 
a-c generators to be connected in series across a load 
resistor R as in Fig. 18-21 and considering what hap- 


Hartman, W. Herbert, “Neglected, nem of 
rotation” CO, vol Y Duce 106. Ti long mal 
in an abridged excerpt from this paper. 





сштш CQ 
Fig. 18-22—Block diagram of phase-modulation system. 


pens in the circuit. It is assumed that the generators 
have the same frequency and voltage, but the phase 
relation is alterable at will. 

Fig. 18-22 illustrates a setup that may be used to 
attain the desired objectives. The output of the oscil- 
lator 1s split between two branches of separate ampli- 
fiers. The r.f is brought to the desired power level and. 
is then differentially combined in the output circuit. 
‘A phase difference of about 30° is established between 
the two branches, to provide an unmodulated carrier. 
When modulation is applied, the phase varies +30° 
for 100 per cent modulation. A tube circuit in each 
line-up is selected to operate as a phase-shifting ampli- 
fier, so designed that, upon application of audio, its 
output will be phase-modulated by a small amount. 
Where frequency multiplication is to take place fur- 
ther on in the line-up, the amount of the required phase 
shift is reduced by the factor of the multiplication. 





18-23.—Oscilto- 
pattern obtained 


Sis eye fa proper- 
ў Ба 
Cres CO 


An oscilloscope is extremely useful for observing 
phase shifts between the output components and for 
recognizing any parasitic oscillations which might 
occur on modulation peaks. Fig. 18-23 shows the 
oscilloscope pattern obtained when the system is prop- 
erly adjusted. The percentage of modulation is nearly 
100 per cent. Fig. 18-24 shows the pattern obtained for 
an overmodulation condition when two amplifier 
branches contribute unequal outputs, When the two 
rf signals are directly opposed (180°), the resultant 
is a minimum which is not zero; as overmodulation 
occurs, making the angle greater than 180°, the re- 
бшемш айранны: pee rein тарі 








TRANSMITTER TESTS 651 


Fig, 18-24.— Pattern ob- 
tained for an overmodula- 
tion condition when two 


сөө са 


Fig. 18-25 is an oscilloscope pattern that indicates 
the modulated output when the system is properly 
adjusted but the audio level is greater than that re- 
quired for 100 per cent modulation. Although severely 
distorted after detection in a receiver, this wave con- 
no sidebands other than the two produced by the 
sine-wave audio tone at lower percentages of modula- 
tion, The sideband relation in this case is that the sum 
of the two sideband components exceeds that of the 
carrier, whereas for 100 per cent modulation, their 
sum is equal to the carrier. 





Fig. 18-25.— Modulated 
property adjusted but da 
dio kevel la greater tan 
that required for 100 per 
cent modulation. 


Single-Sideband Operation’: ‹ 


In recent years, the single-sideband suppressed- 
carrier type of transmission has received favorable 
attention. A phasing system consisting essentially of 
two balanced modulators whose outputs are combined, 
operating 90° out of phase with respect to r.f. and a.f., 
may be used for producing this type of signal. 

What the circuit amounts to is two pairs of output 
tubes, each pair being balanced to provide a double- 
sideband suppressed-carrier signal, and the two pairs 
balanced against each other, to cancel one sideband, 
giving the desired output, A block diagram is given in 
re 18-26. 


rr ENS JAn SSSC tneniter saper? QST. 


vi rats ree high-level а, 
зане Рве ПЕВ vl 36 118-1028, November. 1948; 
probes contains excerpts from this article. 








If the circuit is not properly adjusted, the carrier 
will reappear along with any sideband output. Sup- 
pression of the undesired sideband, in any sideband 
cancellation system, is dependent on the accuracy of 
setting of both the r-f and the a-f phase adjustment. 
The presence of any sizeable amount of the undesired 
sideband shows up as a distortion of the envelope of 
the combined output when the audio input is a sine 
wave. The undesired frequency component in the out- 
put combines with the desired sideband and causes the 
envelope of the combination to have a “modulation,” 
or ripple, whose frequency is twice that of the audio 
modulating frequency. 

‘Small inaccuracies in either magnitude or phase 
setting (a-f or r-f) produce ripples nearly identical in 
appearance, since, in each case, the effect of the mis- 
adjustment is to permit some undesired sideband to 
appear as a result of incomplete cancellation, This 
ripple may be conveniently used to find the correct r-f. 
phase setting. Assuming the audio phase shift to be 
correct, the operator must first equalize the individual 
balanced modulator output amplitudes, which may be 
done by adjusting the relative gain of the two a-f input 
channels. One balanced modulator should be operated 
ata time, and its output may be conveniently measured 
with the oscilloscope. The two are set to produce rf 
outputs of equal magnitude for a given common modu- 
lating signal. 














Courtary OST 
Fig. 18-26.—Block diagram of single-sideband system. 


The r-f phase may then be adjusted until the ripple 
оп ће output envelope disappears. A 10° inaccuracy 
їп phase setting will result in an 8 per cent ripple 
"modulation" of the single-sideband envelope, which is 
quite readily visible on an oscilloscope. When highest 
accuracy of setting is desired, it is best to "touch up" 
the grid tuning (ie. the r-f phase setting) until the 
ripple is at a minimum, while observing the output en- 
velope on an oscilloscope. 
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Conrtery Prec. IRE. 


Fig. 18-27.—Lack of equalization is indicated by these oscil- 
loscope patterns. 


A similar procedure can also be employed to equalize 
the outputs of the two tubes in each pair of balanced 
modulators. One possible way to adjust their outputs 
is to vary the grid-bias resistors until each tube pro- 
duces the same r-f output for a given positive d-c screen 
voltage. To set the resistors, it is best to turn off one 
balanced modulator. If the remaining pair of tubes is 
not equalized, the oscilloscope patterns will resemble 
Fig. 18-27, Adjustment of the grid resistors for equal 
tube efficiencies will give patterns like those of Fig. 
18-28, The process is then repeated for the second pair 
of balanced modulators. The correct adjustment is that 
which makes the slopes of the diagonal lines the same 
in each half of the trapezoidal pattern. 








Conrtary Proc. LE. 


Fig. 18-28— Adjustment of the grid resistors for equal tube 
cficlencies reulta in these parternas- ^s 





In Fig. 18-29 the resistors are set correctly, but the. 
negative screen bias is too great for the applied tube 
plate voltage and r-f excitation, Both tubes are cut off 
during a portion of the audio cycle. Fig. 18-28 shows 
the correct adjustment. (The right-hand half of this 


Couriary Proc. 1R-B. 





pattern is somewhat larger than the left because of 
stray carrier voltage being picked up from a buffer 
stage.) 

Fig. 18-30 shows the envelope with both balanced 
modulators running, but with the undesired sideband 
not completely cancelled due to inaccuracies in either 
phase or amplitude setting, or both. The correct phase 





Fig. 18-30, — Envelope pat- 
tern obtained with both bal- 
Seed modulators runing, bot 
E es to tat 
z ‘cancelled duet in- 
Seouracies fn either phase or 
Amplitude setting or both 





Conrsery Pree. IR E. 


and amplitude settings produce an output envelope 
very nearly free from ripple, as shown in Fig. 18-31. 
‘The undesired sideband rejection obtainable with the 
twin balanced modulator circuit can be made as com- 
plete as desired by proper adjustment of phase and 
amplitude settings. 


— ie. | 
Fig. 18-31, Correct 
wd opis ei pet 


duce an output envelope very 
nearly free from ripple. 
Conrsery Proc, LR. 


A-M Broadcast Tests* 


The impedance of an antenna, and particularly the 
common-point impedance of an array, often varies 
widely over the transmission band. When this is the 
case, the frequency response, amplitude linearity, and 
modulation capability of the broadcast transmitter can 
be adversely affected. 

The form of the modulation envelope, seen on the 
oscilloscope, is greatly different at different points in a 
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Fig. 18-32.—Oscillograms 
along a transmission line or 


length points, (C) wave at 


is which show the voltage 


frequency. This is illustrated by the oscillograms of 
Fig. 18-32, which show the voltage envelope for a 
modulation frequency of 7,500 eps as observed at three 
points along a transmission line or coupling network 
whose termination, for example, is equivalent to a 
series-tuned circuit resonant at the carrier frequency. 
At the termination or at points removed therefrom by 
an even number of quarter-wavelengths, a fully modu- 
lated voltage wave may appear, Fig. 18-32A. and the 
amplitude of each of the two side-frequency voltages 
accordingly will be one-half the amplitude of the car- 
rier frequency ; the side-frequency currents will each 
be less than one-half the carrier current, and an inspec- 
tion of the current envelope would show substantially 
less than 100 per cent modulation. 

On the other hand, at points removed from the ter- 
mination by an odd number of quarter-wavelengths, 
the impedance will correspond to that of a parallel- 
tuned circuit, decreasing on either side of the carrier 
frequency ; although the current envelope, if observed, 
would show a fully modulated wave, the voltage en- 
velope, Fig. 18-32C, shows considerably less than 100 
per cent modulation, in the case illustrated, only 60 
per cent of the impedance at the carrier frequency. 

Finally at odd eighth-wavelength points, where the 
impedance versus frequency curve is dissymmetrica, 
the voltage envelope has the distorted appearance 
dicated in Fig. 18-32 B. The current envelope at this 
point would also be badly distorted. A monitoring rec- 
tifier and conventional distortion-measuring instru- 
ment would register a high percentage of distortion for 
this wave, yet there are no extraneous side frequencies 
being radiated, the envelope distortion being entirely 
due to the inequality and phase dissymmetry of the two 
desired side-frequency voltages at this particular point 
in the line or coupling circuit. 

It is obvious that, if the operator were to raise the 
audio input level, endeavoring to bring about apparent 
full modulation at this point, much more severe distor- 
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Conrtery Proc, LR B. 
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tion would be registered, because the wave at other 
points would then be overmodulated. 


Effective Modulation and Distortion 


If one wishes to determine actual delivered sideband 
power by measurement of a sample of the current en- 
velope, it is necessary to make the inspection and 
measurement at a point in the circuit where the series 
resistance is independent of frequency over the band 
transmitted, since it is the current squared times the 
series resistance that determines power. 

In order that the measurement may include true 
radiated distortion power, ie, power in extraneous 
sidebands, the constancy should hold over a corre- 
spondingly wider band. Now, when measuring at such 
points, one should not try to adjust the audio input for 
100 per cent modulation of the current envelope ob- 
served on the oscilloscope, but for a certain lower per- 
centage, 60 per cent in the case considered in Fig. 
18-32, since the voltage envelope (not being observed 
by the operator but shown in Fig. 18-32A will then 
have reached full modulation, and any further increase 
would necessarily bring about severe distortion in both 
the voltage wave and the current waves. 

If, on the other hand, itis the voltage envelope rather 
than the current envelope that is to be monitored, the 
point of measurement should be one where the parallel 
rather than the series resistance is constant over the 
transmitted band, since the power is the square of the 
voltage divided by the parallel resistance, 


Fig, 18-33—Modulation enve- 
lope of a 10-Kw transmitter for a 
frequency-seasitive load. 





Сету Proc. LR. 
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Power Amplifier Operation 


With the impedance versus frequency characteristic 
varying widely from point to point in a coupling ci 
cuit, it is unnecessary to state that the characteristic 
found at the particular point where the power ampli- 
fier tubes are connected is of importance in the per- 
formance of the amplifier, regardless of the type of cir- 
cuit or modulation used. Fig. 18-33 shows the modula- 
tion envelope of a 10-kw transmitter for a frequency- 
sensitive load. ave 






Le 





Courtary Du Mont Labs. 


Fig. 18-34—Oscilloscope arrangement used for checking 
neutralization of an r-f stage in a transmitter. 


Neutralization 


In Fig.18-34 the neutralization setup is shown, With- 
out dec plate voltage, r-t voltage is applied through C# 
to the vertical input of the oscilloscope, and the grid 
voltage through C7 to the horizontal input. The neu- 
tralization procedure may be specified in the following 
steps: 

1. Tune the grid tank circuit LI-C1 for maximum 
horizontal- deflection voltage Ey. 

2. Tune the plate tank circuit L2-C5 to produce a 
horizontal ellipse, as shown in Fig. 18-35 A. 

3. Tune Có, the neutralizing capacitor, to obtain a 
straight horizontal line as shown in Fig. 18-35BThe 
patterns shown in Figs.18-35C and 18-35Dmay alsobe 
observed under the indicated conditions, 





ЖЫР 


Cowriety Du Mont Labs, 


Fig. 18-15.—Oscilloscope patterns obtained for various con- 
ditions of correct and incorrect neutralization adjustments. 


Measuring Amplitude Modulation 
at the Receiver 


‘A method of measuring the percentage of modula- 
tion of an a-m signal, which is of interest but some- 
what limited in accuracy, makes use of a simple prin- 
ciple; the development of a phase difference between 
the vertical- and horizontal-deffection voltages of the 








Fig. 18-36 —Circait for measuring amplitude modulation. 


‘The basic circuit is shown in Fig. 1836, In Fig. 
18-37 sketches illustrating the patterns are given, ant 
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the formula for determining modulation percentage. 
‘The unmodulated pattern is an ellipse having a single, 
sharp line, This line broadens to a ribbon with modu- 
lation. For 100 per cent modulation, the dark area in 
the center of the pattern decreases to zero. This point 
may be determined with accuracy. 

The effect of overmodulation is to go beyond this 
point and a bright spot appears in the center of the 
pattern. The method is limited in accuracy because of 
the effect on the signal of the receiver tuned circuits 
and stages, in any one of which nonlinearity will be a 
factor. It is also limited by transmission conditions. 
Noises, heterodynes, interference, etc., will affect the 
signal. 

The coupling to the vertical input of the oscilloscope 
should be as loose as possible to minimize loading of the 
plate circuit of the final i- stage, and retuning prob- 
ably will be needed. The shift in phase is caused by the 
horizontal amplifier input capacitance and the 50,000- 
ohm resistor. 

Thus, the voltages E, and Ey are out of phase, and 
the out-of-phase voltage relationships result in the 
development of the patterns shown. 


MODULATED SIGNAL 


e 2A Moo = ихюо 


(c) c= OVERMODULATION 


18-37.—Modulation. obtained using circuit of 
re IE: patterns wing 


Frequency Modulation 

‘An unmodulated f-m wave is simply an r-f carrier 
wave, which may be shown as a block pattern on the 
tube screen, as previously indicated. When the wave 

is frequency-modulated, however, conditions are fun- 
damentally different and auxiliary equipment must be 
used in conjunction with the oscilloscope for the dis- 
play of f-m modulation. 





Modulation Considerations 


In frequency or phase modulation, there is no con- 
dition exactly equivalent to percentage of amplitude 
modulation or overmodulation. A definition of per- 
centage of modulation must be somewhat different for 
f.m. or p.m. From a practical viewpoint, 100 per cent 
modulation is obtained when the transmitted signal 
channel width is equal to the receiver bandwidth. This. 
bandwidth 1s determined by the design and alignment 
of the receiver tuned circuits, With wider frequency 
swing, exceeding the receiver bandwidth results in 
distortion. The distortion produced in overmodulation 
of a.m. would be somewhat similar. 

To analyze the output of an f-m transmitter, it 
first necessary to convert the (чт variations to ampli- 
tude changes and then to rectify the r-f voltages. The 
resulting audio component may then be fed to the input 
of an oscilloscope. Other means, such as the "pano- 
ramic" system, discussed at the end of this chapter, 
may also be used for spectrum analysis of the fre- 
quency-modulated wave. 

‘There are sidebands produced by frequency or phase 
modulation of a wave, as well as by amplitude modu- 
lation. The sidebands are, however, quite different, In 
the case of fm. and p.m., single-tone modulation pro- 
duces a series of pairs of sidebands that bear a har- 
monic relationship to the modulating frequency, In 
ало, of course, there is only one pair of sidebands. 

The relationship between the modulating frequency 
and the carrier frequency deviation determines the 
number of sidebands that occur in f.m. and pm. The 
modulation index is defined as the ratio between the 
frequency deviation in cycles per second and the modu- 
lating frequency in cycles per second. That is: 

à = Carrier Fi Deviation 
Modulation Index = FF odulating Frequency 

The modulation index may also be defined as the 
phase shift in radians. The index is invariable in pm. 
regardless of the modulating frequency; in f.m. the 
modulation index varies as a function of the modulat- 
ing frequency. Further information on f.m. is given 
in standard references." 






FM Analyzer 
An instantaneous picture of the signal components 
of an f-m wave may be obtained with a suitable oscillo- 


and S. D, “FM Transmission and Re- 
Ja P ier Pubs lnc, New Work, N.Y, 
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scope setup, shown in Fig. 18-38 By calibrating the 
screen in terms of frequency deviations, the frequencies 
of individual sidebands can be determined. 

The equipment consists fundamentally of a super- 
heterodyne which picks up the f-m signal. The center 








Fig, N RY aero pitire ol the 
signal components of an f-m wave. 


frequency of the receiver oscillator is 2 Mc below the 
input signal carrier, The sweep voltage is linear to pro- 
duce a variation of +100 kc in the oscillator frequency. 
This variation occurs at the rate of thirty times per 
second. 


Representation of pale deflections on cathode- 
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The result, essentially, is a scanning of the fre- 
quency range 100 ke above and below the f.m. signal 
center frequency. The i-f amplifier responds sharply 
to any beat at the intermediate frequency produced by 


the local oscillator and some component of the fm 
wave at a particular frequency in the swept band. 

The i-f amplifier is sharply tuned to separate the 
individual components from the complete signal. The 
second detector of the receiver then demodulates the 
individual components, since it is an a-m type, and 
delivers an output whose peak is proportional to the 
amplitude of the component which is being passed 
through the i- system and demodulated. 

The various pulses or peaks are distributed on the 
tube screen as shown in Fig. 18-39. The spacing of the 
pulses on the screen is set by the 30-cps linear sweep 
voltage. This voltage is also applied to the reactance 
tube modulator which frequency modulates the local 
oscillator in the radio receiver circuit, Fig. 18-39 
shows the pattern for an unmodulated f-m carrier, Fig. 
18-39B a 7.5-ke deviation with a modulating signal 
frequency of 15,000 eps, Fig. 18-39C a 36-ke deviation 
for the same modulating frequency of 15,000 eps and 
18-39D a 75-ke deviation for a 2,500 cps audio signal. 


Phase Modulation (P.M.) 


Ina pcm system, frequency modulation necessarily 
‘occurs, since the rate at which its phase changes deter- 
mines the frequency of an alternating current, When 
the phase changes quickly, the current has a higher 
frequency than one having a relatively slow rate of 
phase variation. If the phase variation is 360° per sec- 
‘ond, the frequency is one cycle per second. For three 
complete cycles, the phase change in degrees = 3 X 360 
= 1,080". 

Together with the phase shift, a frequency change 
‘occurs ; phase advancement corresponds to an increase 
in frequency ; phase retardation is analogous to a de- 
crease of frequency, The rate of phase shift is propor- 
tional to the amplitude of the modulating signal and to 
its frequency and is also proportional to the total num- 
ber of degrees through which the phase is displaced. 
In f.m., the frequency deviation varies with the ampli- 
tude of the modulating signal but does not change as a 
function of the modulation frequency. Both the ampli- 
tude and frequency, in p.m., produce proportional de- 
viations. It is impossible to distinguish between £m. 
and p.m. when there is only one modulating frequency. 





Experimental F-M Tremamitier Output Wavelonms 


The display of frequency- or phase-modulated sig- 
nals is not as simple as it is for amplitude-modulated 
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voltages. Contained herein are a number of oscillo- 
grams made during some experiments conducted on a 
phase-modulated transmitter which was developed for 
narrow-band f-m operation in the amateur radio bands. 
The oscillator and modulator circuit of the transmitter 
is shown in Fig. 18-40, In some respects, this equip- 
ment is like transmitters conceived for narrow-band 
operation in other services and it is more than likely 
that the conditions shown herein will be paralleled with 
other apparatus, and the conditions stated may be 
duplicated in the general run of f-m transmitters pro- 
vided that similar elements are subject to variation. 

Lack of time prevented a more detailed analysis 
than is contained herein. Perhaps others may pick up 
where we left off, in which case we certainly would 
appreciate details for inclusion in subsequent editions. 
Further analysis will be carried on and we hope to 
include more data in the revisions of this text. 

In view of the frequencies involved, a very stable 
crystal-controlled converter substantially free from 
distortion was developed and, where indicated, was 
used in conjunction with the f-m exciter so as to allow 
feeding the signal to the vertical-deflection plates 
through the vertical amplifier. The operating frequency 
of the converter was selected so as to produce an out- 
put frequency about midway between the pass-band 


















Fig, 18-41.—(A) Oscillogram of unmodulated output of 
crystal oscillator in f-m exciter. It was link coupled to vertical- 
deflection plates and the linear sweep was set at a yery low fre- 
‘quency. Bands across the trace indicate presence of very strong. 


Rarmonict. (8) Oseillogram of several cycles ol unmodulated 
carrier corresponding to Fig. I8-41A, developed by use of a 
Converter bat dwn ei ө aoe, tae for 
application to vertical amplifier of oscilloscope. Time base in 
[d ia set to show 5 cycles of unmodulated carrier 





Fig. 18-41—(C) Sine-wave frequency modulated carrier 
МО), coser t ag rum hr soe 
tive icut which eliminated harmonica t pend frequency. 
modulated signal. Approximate 1 audio cjue. All circu 
adjusted for normal operation. (D) Same ax Fig. 18-41C but 
at diferent time. 





limits of the vertical amplifier of the oscilloscope. Os- 
cillograms representative of different conditions are 
shown in Fig. 18-41. Sometimes the output of the f-m 
exciter was taken directly {rom the unit and fed to the 








Courtesy Sonor Radio Corp. 


Fig. 18-40.—Circuit of oscillator-modulator system of ex- 
perimental unit 


vertical plates of the oscilloscope, and more frequently, 
it was heterodyned to the lower frequency and dis- 
played along a linear time base, using the sawtooth 
sweep in the oscilloscope. The method which was used 
is indicated in the captions for the illustrations. 
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Certain aspects of television testing remain obscure 
because of the need for new techniques. However, some 
tests have been developed, which will be described here. 


TStandards on Television—Methods of Testing Television 
Tramiters,” The Insts of Radio Engineers, New York, 


Fig. 18-41.—(G) Oscillogram of sine-wave frequency-modu- 
lated signal with incorrect condition of resonance in modulator 
Mage thd. maximum deviation, Compare with Fig. 16-41C. 
md v de рой pet of sud, (Hl) Sue condone as 
ае! йи protic pas ol soa tions as 
TE eai ence or diferent condilon of detuning. Note 
appearance of ample modulation. 





Fig, 18-41—(I) Same conditions as in Fig. 18-41G except 
for different condition of detuning. Amplitude modulation is 
pronounced. (J) Same conditions as in Fig. 18-41G except for 
diferent condition of detuning. 








Fig. 18-41—(K) Oscillogram of f-m wave for part of an 
avdio cycle modulation for comparison with following Fi 
18-41L and M. AIl conditions normal, (L) Oscillogram, of 
f-m wave shown in Fig. 18-41K but with phase-shift control in 
the modulator advanced. Note appearance of peaks of wave 
and compare with Fig. 18-41M. 











Fig, 18-41.—(M) Oscillogram of fm wave shown in Fig. 
18-41K but with phase-shift control in modul 

and plate circuit out of resonance. Note change in peaks of 
wave. Obviously, condition of resonance affects shift 
(М) Oscillogram of f-m wave similar to Fig, 18-41C, D, 

F, except with increased devis 
af positive audio peaks i 
increase in phase shift. 


pin 
Í 






Testing the Television Transmitier* 


The frequency characteristic of a video amplifier 
must be capable of essentially flat response to an upper 
limit of 5 or 6 Mc. The low frequencies may be tested 


Edward tranamitter design” Com 
еск 98; d Шо maie 


ыз fay, 
‘ial contains excerpts from this 
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Couriers Communicanons 
Fig. 18-42.— Test setup of the wobbulator and video amplifier 
used to determine frequency response. 


best by the application of square waves to the input and 
observing the amount of tilt on an oscilloscope whose 
low-frequency characteristic is flat down to at least 
10 cps, The tilt allowable in a video amplifier is of the 
order of two per cent maximum with a 60-cps square 
wave. 

Low-frequency compensation may be used but must. 
not be excessive. The compensation may be observed 
оп {һе oscilloscope as a rise in the trailing edge while 
undercompensation may result in a rise of the leading 
edge. In every case, each stage should be flat by itself. 
Staggering stages may result in objectionable phase 
shift and should be avoided wherever possible. 

‘The high-frequency response of video amplifiers 
may be tested best by means of a beat-frequency “wob- 
bulator” whose output is linear from about 200 kc to 
8 Mc, and an oscilloscope. The characteristic of this 
‘oscilloscope need not be too exacting since a low-fre- 
quency wobbulator sweep is used, and a high-imped- 
ance "near detector is employed to measure the ampli- 
tude response. Fig. 18-42 shows the test setup of the 
wobbulator and video amplifier used to determine fre- 
quency response. 


‘Testing the D-C Restorer 


‘The function of the d-c restorer is to refer all com- 
posite video information to the bias level of the modu- 
lator. The restoring characteristic may be measured at 
two points, namely : (1) at the grid of the modulator, 
ог (2) at the plate of the modulator. Fig. 18-43 shows 
how an oscilloscope may be connected for this meas- 
urement, Since the end result of the restorer is to keep 
the sync peak at a constant bias reference in the modu- 
lated r-f amplifier, it has been found desirable to meas- 


ure 4-с restoration at the plate of the modulator (in 
effect, at the grid of the modulated amplifier). 

The connection to the oscilloscope must be made 
directly to the deflection plate since the d-c component 
is the factor in question. With no video signal, the 
beam on the oscilloscope is adjusted for center position 
by means of the positioning control. The video signal is 
applied to the video amplifier and the peak sync posi- 
tion on the screen must remain at essentially the center 
position, as adjusted above, for proper operation, 

In case the beam is deflected off the face of the 
cathode-ray tube, an external positioning bias is re- 
quired which will equalize the static potential, It is 
important to note that this removes the oscilloscope 
chassis from ground potential; therefore, no direct 
ground connection should be made where external 
positioning is required. 








Coursery Communications 
Fig. 18-43.— Circuit for measurement of d-c restorer circuit 
characteristics. 


RF Passband 


The r-f pass-band characteristic is measured on the 
master series transmitter by means of a built-in r-f 
wobbulator whose frequency range is +5 Mc about the 
carrier frequency. Diode pickup sampling circuits are 
installed in the plate circuit of the modulated amplifier, 
cathode circuit of the intermediate power amplifier, 
cathode circuit of the power amplifier, plate circuit of 
the power amplifier, and the transmission-line output. 

‘An oscilloscope is provided to monitor any three of 
these pickup points simultaneously. Marker frequen- 
cies are provided by injecting the carrier frequency into 
the modulated amplifier grid circuit, and by inserting 
absorption type wave traps, tuned to high and low fre- 
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‘quency ends of the pass-band characteristic, in the plate 
circuit field of the modulated amplifier. The modulated 
amplifier grids may be connected, by suitable switching 
arrangements, to either regular r-f drive or wobbulator 
drive. 


Adjustments 


After initial adjustment of the r-f stages is accom- 
plished, only a few minutes are required to check per- 
formance or compensate for tube replacements, etc. 
Initial adjustment, however, requires a fundamental 
approach to the problem as previously described. 

‘The coupling between stages is reduced to a mini- 
mum, and gradually increased until a double hump re- 
sponse is obtained with the low-frequency peak to ap- 
proximately 3 Mc higher than the carrier frequency, 
these conditions being observed on the wobbulator 
oscilloscope at the various pickup points. 

The cathode loading and coupling determines the 
frequency separation and flatness of the response char- 
acteristic, Frequency separation is predominantly af- 
fected by coupling, while flatness is a function of load- 
ing. Loading is varied by adjusting the point of the 
cathode connection. Movement toward the open end of 
the resonant transmission line results in increased 
loading. A fine adjustment of this parameter is pro- 
vided by the movable shorting bar ; this factor also has 
an effect on coupling since the area of coupling is af- 
fected by its movement. 





(c) 


The foregoing procedure applies to the circuits be- 
tween the modulated amplifier plate and intermediate- 
power-amplifier cathode, and power-amplifier plate 
and intermediate-power-amplifier cathode. The output 
circuit is tuned as indicated above, except that in- 
creased loading is accomplished by moving the trans- 
mission-line connections toward the open end of the 
resonant-line output circuit. 

Since three oscilloscopes are provided for observing 
three patterns simultaneously, any interaction between 
stages may he observed and corrected without the 
necessity for many retest checks. The diode samplers 
most useful for these adjustments are located in the 
intermediate-power-amplifier cathode circuit, and 
transmission-line output circuit. 

Fig. 18 44 shows a typical pass-band characteristic 
for each of the three stages. The bandwidth was ad- 
justed as shown in the first photograph. Curve A is the 
response of the input to the intermediate power ampli 
fier. Curve B is the response into the power amplifier, 
and curve C is the response of the entire transmitter at 
the transmission-line output circuit. 

The low-frequency end of the sweep is at the left 
side, The marker shown up near the top of the band- 
pass characteristic represents 77.25 Mc (for channel $ 
operation). The second marker to the right represents 
80 Mc or a frequency deviation of 275 Mc. The third 
marker to the right represents a frequency of 81.5 Мс 
or a deviation of 4.25 Mc from the carrier. The vertical 
line at the left of each curve is of no significance in this. 
discussion. It will be noted that the lower side of the 
response characteristic becomes steeper as it passes 
through the amplifiers, resulting in adequate suppres- 
sion of the lower sideband. 











VIDEO SIGNAL MONITORING’ 


To evaluate the quality of the composite video signal 
used for television transmission, it is necessary to use 
three units: 

(1) Aline waveform monitor which displays the video 
waveform on a cathode-ray tube, the horizontal sweep 
being linear and synchronized at half the line frequency 
of the video signal, i.e., 7 875 sps (sweeps per second). 
(2) A frame waveform monitor, similar to (1), but 
with its sweep frequency equal to half the field fre- 
quency of the video signal, i.e., 30 sps. 

(3) A picture monitor capable of high resolution. 


Reston, John, “TV control console design” Communica. 
sion, val A pp. B11, Denies ТИ; бе (омбы maa 
eee a ШЕН ' 
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The video inputs of the two waveform monitors are 
usually connected in parallel, and since their horizontal 
sweeps are half-line and hali-frame frequencies, a line 
syne pulse and a frame sync pulse appear at the centers 
of their respective traces. By means of suitable scales 
їп front of the cathode-ray-tube screens, the relative 
magnitudes of the sync pulses and picture content can 
be noted, and any irregularities in the composition of 
the video signal can be observed. The picture content 
of the video signal cannot be interpreted on the wave- 
form monitors, so the picture monitor is required for 
this purpose. This shows faults such as lack of defini- 
tion, ghosts, white saturation, poor contrast, etc. 

To check the operation of the visual transmitter, it 
must be possible to monitor the video input to the 
transmitter and also the video signal which appears as 
2 modulated r-f voltage on the transmission line to the 
antenna, It is desirable to monitor intermediate points 
їп the transmitter and also by means of a monitoring 
receiver which picks up the signal off the air. Hence, 
switching must be provided in the video inputs to the 
monitors, and since the range of frequencies in the 
video signals is from 30 eps to 6 Me, problems arise in 
this connection which are not present when switching 
audio circuits, 





Bridging Connections 


Video signals are usually transmitted in coaxial 
cables of 75-ohm surge impedance ; therefore, if such 
a line is to be bridged by a monitoring connection, the 
bridging impedance must be high, compared with 75 
ohms, at all frequencies up to 6 Me. 

Two waveform monitors and one picture monitor 
have to be bridged across the line and their total input 
capacitance, together with the capacitance of connect- 
ing cables and switches, cannot be reduced below 
about 150 paf, which has an impedance of about 170 
ohms at 6 Mc. The connection of this capacitance 
across the video input to the transmitter would affect 
the frequency response and introduce reflections. 

By using the potential dividing circuit of Fig. 1845, 
the effect of the bridging capacitance can be reduced to 
negligible amount. The inductance L and capacitance 
C are adjusted so that the effective impedance between 
the point A and ground is almost a pure resistance at 
frequencies up to 6 Mc, the theory of this operation 
being similar to the use of peaking coils in the plate 
circuits of video amplifiers for correcting high-fre- 
‘quency response. 

‘The addition of the 80-ohm resistor provides a cor- 
;rect resistive termination for the 75-ohm video line. 


The monitor input switches must be connected to point. 
4, and when a monitor is disconnected, it must be re- 
placed by an equivalent capacitance. 

During the instant of switching, assuming that non- 
shorting type switches are used, the capacitance to 
ground, from point 4, will be reduced momentarily, 
but this will only have a slight effect on the high-fre- 
quency response in the video line and is not noticeable 
in the picture. 

By using this bridging circuit across the line, the 
monitors can be switched to monitor any video line 
without having any appreciable effect on the signal in 
the line. The only requirement is that the monitors and 
switch shall be located fairly close to the termination 
of the line to avoid excessive capacitance in the con- 
necting cables. 

An alternative method of bridging a video line is to 
use a bridging amplifier or a cathode follower, The 
grid of an amplifier tube can be switched to a video 
line without introducing an appreciable impedance 
change and the monitors can then be connected to the 
‘output of the amplifier. 

Any switching surges or impedance mismatch 
caused when the monitors are switched to the ampli- 
fier output are isolated from the video line, 





Courtesy Communictions 
Fig. 18-45. Potential dividing circuit by means of which the 


effect of the bridging capacitance can be reduced to a negligible 
amount. 


‘Terminating Connections 

‘The bridging connections described are used only 
оп the video input to the transmitter or where connec- 
tions of monitors to a video line must not influence the 
signal in the line. At other monitoring positions in the 
transmitter, a video signal is produced solely for sup- 
plying the monitors and the coaxial lines conveying 
these signals to the console must be terminated with 
75 ohms. 
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18-46. Simple detector circuit ing vi 
Ре EM tinh circuit for obtaining video 


Video monitoring signals can be obtained in the 
transmitter by using the simple detector circuit shown 
in Fig. 18 46. The pickup wire P is placed close to the 
T- circuit to be monitored and, by moving the position 
of P, the amplitude of the video signal can be adjusted 
to the required peak value of about 2 volts peak to 
peak. The potential divider shown is used to terminate 
the video line at the console, the monitor being 
switched across the 25-ohm section and thus receiving. 
a signal of % volt peak to peak. The connection of the 
monitor capacitances across the 25 ohms will not in- 
fluence the frequency response to the monitor inputs 
excessively and any switching surges are of no conse- 
quence since the video line is connected only to the 
monitors. 


2 — sm 
vo |— tiis 

^ 
— 


т» (А) 





(B) N Ouranin ot Pusa 


Certe Commenti 
Эрш! ише trem coca af Fig IAE. 





Fig, 107 —( 
of Fa 1046; ( 


Percentage Modulation Measurement 

The video signal obtained from the detector circuit 
of Fig. 18-46 is shown in Fig. 18-47A_At any instant, 
the height ot the curve above the zero-voltage line 
corresponds to the instantaneous amplitude of the r-f 
signal. Hence, if the sync tips represent 100 per cent 
modulation, the modulation percentages corresponding. 
to the blanking and white levels can be measured from 
the curve. 

However, since the waveform monitors are a-c 
coupled devices, only the a-c component of the curve 
is shown on the screens; therefore, some method must. 
be found for establishing the level of the zero-voltage 
line. 

A commonly used method is to connect the contacts 
of a vibrator across the video line so that it is periodi- 
cally short circuited ; however, this system is not very 
satisfactory since the contact resistance of the vibrator 
is rather uncertain. Unless this contact resistance is 
small compared to 75 ohms, an effective short circuit 
is not obtained. 
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Fig. 18-48—Electronic method of signal development. 





A more reliable electronic method is shown in Fi 
18-48 Since the video signal is negative with respect 
to ground, it is conducted by diode DI and fed to the 
monitor input, its amplitude being reduced in the ratio 
FETE Where Rf is the diode a-c resistance. 

The plate of diode D2 is normally maintained at a. 
potential more negative than the video signal so that it 
passes no current, At intervals, positive pulses are 
applied to the plate of D2 and they are conducted by 
the tube and returned to ground via R2 and R1. For 
the duration of a pulse, the cathode of D1 becomes 
positive, DI ceases to pass current, and the voltage in- 
put to the monitors is zero, Hence, a series of interrup- 
tions occur in the video signal and we obtain the trace 


shown in Fig. 18-47B on the frame waveform monitor 
screen. The level of zero voltage is established by the 
bottom of the interrupting pulses. The a-c resistance of 
the diode D1 will vary somewhat with voltage, so R2 
and R3 are made as large as possible in order that the 
monitor input voltage shall be directly proportional to 
the video line voltage. As in the case of the monitor 
bridging circuit, a peaking coil L is connected in series 
with R3 to correct the high-frequency response at the 
‘monitor input. 
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Courtery Communcanons 
, 18:0 Pul generating circuit showing change-over 
switch which site the phase of the pulses so tht they can be 
prevented from coinciding with the vertical sync palaes. 
It is convenient to make the pulse frequency equal to 
a multiple of the video frame frequency, since then the 
interrupting pulses remain stationary with respect to 
the sync pulses on the frame waveform monitor screen. 
This condition is met by the pulse-generating circuit 
of Fig. 1849s the frame frequency of the video signal 
is locked at half the a-c line frequency. The change- 
over switch in Fig. 18-49 shifts the phase of the pulses 
180° so that they can be prevented from coinciding 
with the vertical syne pulses. 


PANORAMIC TESTS" 

Spectrum analysis is made possible in the range of 

radio frequencies by means of panoramic reception. A 

convenient piece of equipment for this purpose is the 

Panadaptor, Model PCA-2, to be used in conjunction 
with a standard superheterodyne receiver. 


Panoramic Operation 

‘Signals within a band extending up to 100 ke above 
and below the frequency to which the companion re- 
ceiver is tuned appear as individual vertical pips, in 
order of frequency, at a definite location along the cali- 
brated horizontal axis of the panoramic screen. 

‘As the receiver is tuned, the pips move across the 
screen and "walk off" at one side while new pips enter 
on the opposite side. For any setting of the receiver 

quinto t na Mcd cos 


Ks fer the Panadaptor, Model 
‘Panoramic Radio Corp. 


from the in- 
2 of the 





Courtery Panoramic Raho Cor. 
Fig. 18.50.— Representation of a visible image obtained for a 
portion of the spectrum. 


tuning dial, the pip appearing at the center or sero 
mark of the screen represents the signal to which the 
receiver is tuned. 

From the location of a pip and the receiver tuning 
dial setting, the frequency of the respective signal is 
determined. The height and behavior of a pip indicate 
relative signal strength and character, respectively. 

When the Panadaptor is connected to some receivers 
with two or more stages of r.f., it may not be possible to 
observe up to 200 ke at one time. The visual bandwidth 
or sweepwidth can be reduced, at will, from 200 ke to 
Okc, continuously. 








Courtery Ponorame Radse Corp 
Fig. 18-51.— Picture of a signal shown in visible single-signal 
operation. 


A representation of the visible image obtained for 
a portion of the r-f spectrum appears in Fig. 18-50. A 
typical picture of a signal shown in visible single-signal 
operation (overmodulated tone signal) appears in Fig. 
18-51, while Fig. 18-52 is a typical panoramic picture 
of a 200-ke portion of a band ; Fig. 18-53 illustrates the 
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Fig. 18-52—T, Inoramic picture of a 200-ke portion 
v. ypical pa pi port 


Courtery Panoramic Radio Corp 


Fig. 18-53—Illustration of determination of signal frequency 
at maximum sweepwidth. 





determination of signal frequency at maximum sweep- 
width; at A, there is indicated a signal 40 ke above 
‘signal heard through receiver ; at B is shown the signal 
heard through receiver; at C is a signal 80 ke below 
signal heard through receiver. 


‘Signal Frequency Determination 


As the receiver is tuned from a low to a high fre- 
quency, the signal deflections will move across the 
screen from left (+) to right (—). The reverse is true 
when tuning from a high to a low frequency. Those 
signals appearing on the (+) side of the zero mark are 
higher in frequency than the station heard through the 


receiver by the amount indicated by the screen calibra- 
tions. Each calibration mark, when the sweepwidth is 
maximum, is equal to 20 ke. 

The above is true only when a local oscillator in the 
receiver tracks at a higher frequency than the incoming 
signal. The signs are reversed when the receiver local 
oscillator tracks at a lower frequency than the incom- 
ing signal. 


Measuring Percentage of Amplitude Modulation. 

When the Panadaptor is used at the transmitting 
end to examine the output of the transmitter, it may be 
of help to remove the antenna from the receiver or sub- 
stitute a short length of wire for it, or even “short” the 
antenna and ground posts. The transmitter power may 
be reduced to prevent overloading of the receiver, 
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Fig. 18-55.—Variation of waveform height (or calibration) 
‘against modulating frequency at 100 per cent modulation. 


Before measurement can be made, it is necessary to 
calibrate the panoramic screen, in terms of percentage 
of modulation, against a source of amplitude-modu- 
lated r.f. in which the modulation percentage can be 
determined. A good signal generator with a reliable 
modulation meter or any station either local or distant 
with facilities for measuring percentage of modulation 
of its carrier will do. 

The Panadaptor is first set for “Visible Panoramic” 
and the receiver is tuned to a signal, modulated by a 
frequency under 500 cps, from either of the above 
sources, and then operation is switched to “Visible 
Single Signal.” The “Center Frequency” control or 
the receiving tuning dial is trimmed for maximum de- 
flection. The baseline is elevated by the “Gain” con- 
trol so that it coincides with the center horizontal line 
on the screen. It may be necessary to remove modula- 
tion to facilitate this adjustment, 

Beginning with zero modulation, the modulation 
percentage is increased in steps of 20 per cent or any 
other desired percentage. The height of the modulating 
waveform on the tube screen is noted for each step and 
the screen is calibrated. The upper half of the modula- 
tion is limited by pulse age and will appear somewhat 
shorter than the lower half. This is illustrated in Fig. 
18-54, It is important that the modulation be less than 
about 500 eps for accurate modulation depth readings. 
‘The. graph in Fig. 18-55 shows a typical variation of 
waveform height (or calibration) against modulation 
frequency us MO per cmt modulation. 





Overmodulation is indicated by flattening or clip- 
ping of the lower peaks of the modulating waveform 
along the baseline. 


Checking and Adjusting Frequency Deviation 
of FM Signals 


Itis possible to check and monitor the frequency de- 
viation of an f-m signal instantaneously at the receiv- 
ing or transmitting end, by observing it on the pano- 
ramic screen. 

For voice or music f-m signals, the extent of fre- 
quency deviation (and, therefore, audio level) varies 
continuously ; whereas, for a tone f-m signal of uniform 
strength, the deviation is constant, For either case, the 
extent of deviation is instantly shown by the limits of 
the horizontal spread of pips across the screen, 

The bandwidth of the signal is equal to the sum of. 
the frequency deviation to the right and left of the cen- 
ter zero mark on the screen. 

The signal energy distribution of the signal through 
the frequency spectrum is shown by the envelope of 
the pips. 

To check frequency deviations within narrow limits 
such as 15 kc, the "Sweepwidth" contro! is adjusted 
to givea maximum visual display of 50 kc. At this set- 
ting, each calibration mark on the screen equals 5 kc. 

It is important that the gain be sufficiently high so 
that the sideband “pips” at the ends of the spread are 
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Fig. 18-56—Instantaneous deviation of = 15 ke from the 
center frequency. 
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shown, An instantaneous frequency deviation of #15 
kc from the center frequency is shown in Fig. 18.56. 

Tt will be noted that pips which are approximately 
4 ke apart tend to merge below their waists. This is 
normal and the energy distribution is still shown by 
the envelope of the pattern. 

1f a broadcast f-m station is monitored for a 150-ke 
maximum bandwidth, the "Sweepwidth" control 
should be at maximum. The appearance of modulation 
pips outside the 75-kc limits on either side of the zero 
mark on the screen indicates overmodulation. 

To adjust the upper limit of modulation of an f-m 
transmitter, it is advisable to use a constant tone modu- 
lating voltage from an a-f tone oscillator. A tone fre- 
quency of 15 kc is suggested for broadcast f-m stations. 

It will be noted that when a 15-ke audio is used and 
the audio gain control of the modulator is advanced up. 
from zero, the height of the carrier deflection, on the 
screen will gradually fall and pips will appear and rise 
15 ke on either side of center. 

As the modulation is increased, two new pips will 
appear 30 kc on either side of zero. As they rise the 
carrier will fall to zero level (disappear) when the fre- 
quency deviation is 2.4 times greater than the audio 
modulating frequency. 

Further increases of modulation result in the appear- 
ance of new pips 45 ke, 60 ke, 75 kc, etc, on either side 
of the center; and in passing through given deviation 
ratios, the carrier and pips successively fall to zero and 
then rise, as was discussed earlier in the chapter. 

A practical and accurate means of obtaining a par- 
ticular frequency deviation is to set the a-f tone oscil- 
lator for a frequency equal to the particular frequency 
deviation desired divided by a deviation ratio for zero 
carrier level and advance the audio gain control until 
the carrier deflection goes to zero the proper number 
of times. Example: For a deviation of 60 kc, the audio 
oscillator is set at 60/24 = 25 ke and the audio gain 
control (modulator) is adjusted until the carrier de- 
flection dips to zero once. 

For 60/5.52 = 10.87 kc, the gain control is advanced 
so that the carrier dips to zero twice. 





Identifying A.M. on F-M Signals 

Normally, signals which are frequency-modulated 
by a sine wave consist of vertical deflections equally 
disposed on both sides of the carrier. The pattern of the 


envelope of the deflections is, therefore, symmetrical 
about the carrier. 

The presence of a.m. on an f-m carrier is indicated by 
‘a twist in the envelope pattern. The vertical dimensions 
of the pattern will appear larger on one side of the 
carrier-pip than on the other side, as shown in Fig. 
1857 

In examining a received or transmitted signal, the 
Panadaptor is operated on “Visible Panoramic.” It is 
preferable that the station be modulated by a steady 
sine wave so that a stationary pattern of deflections is 
obtained. 





Courtery Panoramic Ratio Corp 


Fig. 18-57.— Presence of a.m. on an f-m carrier. The vertical 
dimensions of the carrier appear larger on one side of the 
carrier pip than on the other, 


Detecting Residual Hum on a Carter 


The carrier to be examined is tuned to the center of 
the tube screen and the Panadaptof is adjusted for 
“Visible Single Signal.” If the elevated baseline is 
curved or hooked, it indicates hum on the carrier. An- 
other carrier may be tuned in and its baseline can be 
compared with the former to determine the relative 
hum content. 

Tf it is f-m hum, the phase of the hum on the baseline 
is reversed as the “Center Frequency" control is passed. 
through its zero position or if the receiver is tuned 
through the station slowly. But if it is a-m bum, this 
phase reversal does not occur. 


CHAPTER 19 


ELECTRICAL MEASUREMENTS, 
SCIENTIFIC AND ENGINEERING APPLICATIONS 


This chapter covers the standard applications of the 
cathode-ray oscilloscope in electrical measurements, 
such as those used in radio work, and the scientific and 
engineering applications which, by comparison, are 
specialized and more involved. 


Electrical Measurements 


Electrical measurements fall into a number of classi- 
fications. Perhaps the most fundamental measurement 
is that of current. In measuring voltage we are really 
measuring a current, since most indicating instruments 
‘operate from the magnetic effect of a current ; the re- 
sistance of the measuring circuit is such that the cur- 
rent and the voltage to be measured are in a particular 
ratio. 

However, it has become customary to speak in gen- 
eral terms of voltage, current, impedance, and power 
measurements, as these are the quantities ordinarily 
required to be measured in radio and electronic work. 
The greatest utility of the oscilloscope is in making 
alternating voltage measurements. The measurements 
may be in absolute or general terms, For example, 
knowing the deflection sensitivity in volts per inch, the 
‘equivalent voltage for fractions of an inch, or multiples 
of such fractions, can be found. 

In the usual applications, the shape and relative 
height of the trace on the screen of the cathode-ray tube 
are the only important factors. However, the cathode- 
ray oscilloscope can be used for the measurement of 
electrical quantities and its uses in such applications. 
will be described in the following discussions. 

Since there is no fixed calibration, the cathode-ray 
‘oscilloscope is not particularly suited to absolute scale 





a-c voltmeter, АС. 


measurements of voltage, either a-c or d-c, but rather 
to portrayals of the waveforms of voltages. The shape 
of the waveform curve is indicative of the condition or 
quality of the equipment under test. The oscilloscope 
сап be used, with fair accuracy, as a voltmeter, pro- 
vided a calibration is made, It has the great advantage 
of good transient response and low inherent inertia. 





shown in Fig. 19-1. Thi 
‘usual oscilloscope arrangement. The timing axis oscil- 
lator is usually adjusted to the frequency of the incom- 
ing signal for a single trace. The timing axis oscillator 
may sometimes be adjusted for Wi, №, ог М of the fre- 
quency of the voltage. Obtaining a single trace is de- 
sirable in the interests of simplicity. 


P*1000.n 
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Fig. 192.— Calibrat- 
ing circuit for cathode- ПУ, 








If the oscilloscope input is connected to a 1-volt, 
60-cps calibrating source, such as that shown in Fig. 
19-2, it will be accurate as an a-c voltmeter over a range 
corresponding to the flatness of response of the vertical 
amplifier. For example, if a 1-volt, 60-cps signal pro- 
duces a 0.1-inch deflection, and the oscilloscope ampli- 
fier is rated as flat to 100,000 eps, the 0.1-inch deflec- 
tion will hold true for a voltage of any frequency up to 
100,000 eps. 

‘Some oscilloscopes, of special design, are virtually 
flat, linear, in response from d.c. to as high as 10 Mc. 
This feature is a great advantage in a voltmeter. Fur- 
ther, the input impedance of the oscilloscope is usually 
quite high, seldom less than a megohm. This means 
that the circuit loading of the oscilloscope type of volt- 
meter will usually be negligible in all but very high 
impedance circuits. However, even here, the imped- 
ance loading may be minimized using low-capacitance 
shielded test cable and a circuit-isolating type of probe. 
Anarrangement of this sort is shown in Fig. 19-3. 
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Fig. 19-3.—Probe input circuit for cathode-ray oscilloscope. 


As the frequency is raised to a point beyond the 
range of the amplifier, the oscilloscope voltmeter be- 
comes ineffective. The frequency range may be still 
further advanced, with a corresponding loss of sensi- 
tivity, by removal of the amplification system inter- 
posed between the vertical-deflection plates and the test 
circuit. The timing axis oscillator circuit usually pre- 
sents no particular problems, since it is not a difficult 
matter to design stable oscillator systems capable of 
producing sweep signals up to the highest frequencies 
necessary. Most oscilloscopes, particularly the better 
types, have some provision for direct connection of the 
test circuit to the vertical plates. External horizontal 
plate terminals are also usually afforded. 

In connection with Fig. 19-2 and calibration of the 
circuit, while there may be quite a difference between 
the voltage looking into the probe and that at the out- 
put of the probe (oscilloscope input), the circuit will 
be useful for comparison measurements and approxi- 
mate high-frequency voltage measurements. In the 
Du Mont 241 oscilloscope, for example, the Y-axis 
input impedance is 2 megohms in parallel with 40 jaf, 
without the probe. With the probe, it is  megohm and. 
10 ppf. Using direct connections to the vertical plates 
(unbalanced), the 241 oscilloscope input impedance 
would be $ megohms in parallel with 25 paf. The bal- 
anced input impedance would be about the same value. 

Mention has been made, previously, of a defection 
on the Y axis (vertical) of 0.1 inch for 1 volt. Up to 
the input overloading level of the oscilloscope Y-axis 
amplifier, the deflection will be linear and propor- 
tional to voltage. For example, for the case mentioned, 
if 1 volt = 0.1 inch, then 02 inch = 2 volts, 0.3 inch = 
3 volts, etc. Some manufacturers may specify the de- 
flection sensitivity in millimeters per volt d.c. or rms 
rather than in inches per volt. 

‘The range of the oscilloscope voltmeter may be ex- 
tended by using a suitable series multiplier resistor, 
just as it is in the case of an ordinary voltmeter. How- 
ever, because the input impedance of the oscilloscope 


is so high, and the current flowing in it so small, the 
voltage rating and the physical size of the series re- 
sistor can be kept down. This is a distinct advantage. 
Further, the use of the multiplier increases the oscillo- 
scope effective input impedance and reduces the load- 
ing of the test circuit. A fundamental requirement of 
any measuring instrument, and the oscilloscope is no 
exception, is that it load the circuit under test as little 
as possible, 

Most oscilloscope Y-input circuits have a series 
capacitor which blocks d.c. and passes a.c. Therefore, 
the input circuit of Fig. 19-1 may usually be directly 
connected to any d-c source having a superimposed 
a.c., without damage to the oscilloscope, provided the 
de potential is no higher than 300 or 400 volts. The 
maximum safe input potential is often, but not always, 
stated by the oscilloscope manufacturer, in the instruc- 
tion manual. In the plate circuit of an audio power 
output tube in a radio receiver, the d-c potential might 
be 250 volts, This is illustrated in Fig. 19-4. L is the 
primary inductance of the output transformer primary, 
C is the usual low-impedance capacitor of the power 
supply, and VT is the output tube. It makes no differ- 
ence whether the output stage is single-ended or not ; 
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either output tube circuit of a push-pull or parallel 
push-pull system could be checked. In the drawing, a 
sine wave having a 100-volt peak value is shown. Then, 
‘on positive peaks the maximum input to the oscillo- 
scope is 350 volts and on negative peaks the minimum 
is 150. The signal voltage to ground, indicated by the 
instrument, is 100 volts peak. 

Most oscilloscope inputs have positive d-c polarity ; 
that is, there may be a momentary upward kick of the 
horizontal timing axis line as the oscilloscope is con- 
nected to the circuit under test, when the polarity of 
the d.c. is such that the ungrounded terminal of the 
oscilloscope input is + with respect to the grounded 
terminal, Similarly, with an applied a-c voltage, the 
deflection will be upward when the ungrounded side 
is going through a positive peak. Some have adjustable 
polarity or negative polarity. This effect is normal. By 
setting the vertical gain control at low gain initially, 
and then bringing it up to the required setting, pos- 
sible overloading of the oscilloscope is avoided. 

If there is any doubt about the input circuit of the 
oscilloscope, a 0.5 pf 600-volt series capacitor may be 
used externally, located close to the vertical input ter- 
minal, to block direct current and pass the alternating 
current, The oscilloscope, as an a-c voltmeter, may be 
connected in the receiver or electronic equipment cir- 
cuit in place of the usual copper-oxide rectifier — d-c 
voltmeter combination ordinarily used for a-c volt- 
meter applications. The oscilloscope has the advantage 
of showing the peak value and waveshape of the volt- 
age. Incorrect operation, or poor design, are often in- 
dicated by distorted waveshapes. The ordinary volt- 
meter gives no information on waveform and may read 
inaccurately in the presence of harmonics. Also, its 
frequency range is limited and temperature changes 

-~ may adversely affect its accuracy. The oscilloscope, on 
theother hand, is relatively free of such defects. 

With respect to Fig. 19-4, the oscilloscope input may 
be connected across the output filter capacitor C to 
check the relative efficiency of the capacitor and filter. 
A serviceman working in a noisy radio shop may find 
it very difficult to check the relative hum level of a re- 
ceiver. The local noise of the shop and the fact that the 
loudspeaker is not available or not mounted in its 
cabinet (baffle) will result in test conditions that do 
not parallel those found in the home. A quantitative 
measurement of hum voltage, therefore, is valuable. If 
the power supply uses a 60-cps line source, the ripple 
frequency will be 60cps, and the timing axis oscollator 
may conveniently be adjusted to 60 cps. Even if the 
‘Set uses a full-wave rectifier, it is better to use the 


Ops sweep, to show both halves of the ripple for 
‘comparison. 

In checking power-supply filters, the usual practice 
of servicemen is to shunt a test capacitor across one 
suspected of being faulty and listen to the effect upon 
receiver or amplifier performance. The great advan- 
tage of this method is speed. While it may be some- 
what slower, a better technique is to unsolder one lead 
of the old capacitor, connect a new unit into the circuit, 
and make a comparison of the a-c voltage output mag- 
nitude and waveform, using the oscilloscope, Hum will 
bbe treated in detail later on, but it may be noted here 
that in its role as an a-c voltmeter, a basic function, the 
oscilloscope can be quite useful and a distinct time- 
saver in circuit analysis. 

The value of the voltages will vary with different 
receivers and amplifiers. The relative deflections will 
vary with the type of oscilloscope and its sensitivity, 
Therefore, it is a matter of the individual user becom- 
ing thoroughly versed in the use of his particular in- 
strument and acquiring experience on many sets and 
amplifiers, to derive the greatest possible benefit from 
the oscilloscope as a servicing or engineering aid. 





DC Voltmeter 


The oscilloscope can be used as а 4-с voltmeter рго- 
vided a direct connection is made to the vertical plates 
or a dc amplifier is used between the vertical plates 
and the circuit under test. As d-c amplifiers are, for 
various technical reasons, rarely used, the usual pro- 
cedure is to employ the direct connections. 

Itis possible to ground the two horizontal plates and 
one vertical plate, then apply the d-c potential across 
the vertical plate circuit and thus obtain a movement. 
of the spot position corresponding in magnitude to the 
relative value of the d-c voltage under test. This 


To * 


эс уот, 
ааз ОЛЕ 
‘meter connections, 


method is illustrated in Fig. 19-5. The movement of 
the spot is upward on the vertical or Y axis and de- 
pendent on the size of the cathode-ray tube, the general 
tube and cathode-ray-tube circuit design, and the value 
of the voltage. The cathode-ray tube can be calibrated 
with a d-c voltage and potentiometer as shown in Fig. 
19-6. The voltage source may be a storage battery, а 
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group of "B" batteries, or a regulated power-supply 
system, depending on the voltage range desired. The 
potentiometer P must be capable of handling the power 
in the circuit. A practical potentiometer or voltage 
divider may take the form of a wire-wound resistor 
equipped with an adjustable slider. For a 300-volt 
source, a 25,000- to 50,000-ohm, 20-watt unit would 
be considered practical. Resistor R should be of such 
value that reasonable protection is afforded the cathode- 
ray tube, with the slider on P adjusted to maximum 
voltage; the safe input voltage rating of the cathode- 
ray tube must not be exceeded. For some applications, 
R will not be needed at all. For others, its inclusion 
necessary. V is a standard d-c voltmeter which may 
take the form of a laboratory instrument. 

The use of a stationary spot, however, may possibly 
result in burning of the screen. If a sawtooth sweep 
voltage is applied to the X plates in the conventional 
manner, a straight line will be obtained across the face 
of the tube. This horizontal bar can be moved up or 
down just as conveniently as a spot and with far less 
danger to the screen. The sweep frequency is not criti- 
cal and may be set conveniently at any arbitrary value, 
perhaps 400 or 1,000 cps. The d-c voltage is then ap- 
plied to the vertical plates, the sweep to the horizontal, 
and the vertical movement of the horizontal line or bar 
is proportional to the applied d-< potential. 


Strays 

It is essential that the lead used to connect the os- 
illoscope input circuit to the circuit under test be 
properly shielded to avoid stray pickup. Using low- 
impedance circuits, in general, tends to minimize pick- 
vip of stray hum and noise, but the nature of the usual 
oscilloscope setup is such that a high-impedance input 
circuit is required. 





Current. 


The measurement of current is not ordinarily the 
function of a cathode-ray tube, which, basically, is a 
voltage-actuated device. Current can be measured in- 
directly by measuring the voltage across а resistor in 


series with the circuit under test. The current is then 
equal to E divided by R, using the familiar Ohm's law 
equation. The oscilloscope can be calibrated in a num- 
ber of ways, depending upon the type of measurement, 
ac. or d.c. The advantage of the oscilloscope is its wide 
frequency range and its ability to show the waveform 
of a current rather than its absolute magnitude. Fig. 
19-7 shows an obvious arrangement for current cali- 
bration. R is low in comparison with the test circuit 
resistance. 









SIGNAL 






sor. | ' 
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SHIELDED CIRCUIT 


Fig, 19.7—Cireuit for calibration of cathode-ray oscillo- 
scope as an ammeter, 


Alternating Current 

A circuit for a-c measurements and calibration is 
shown in Fig. 19-8. The signal source may be a variable 
frequency audio generator capable of being set to any 
desired frequency, or the secondary of a small trans- 
former supplying a few volts of 60-cps frequency. Out- 
put potentiometer P may be the audio output control 
of the generator or a potentiometer shunted across the 
transformer secondary. E is a standard a-c voltmeter, 
either of the copper-oxide rectifier type or a vacuum- 
tube voltmeter. 5, е single-pole double-throw switch, 
is thrown to the left, for calibration purposes, and to 
the right for current measurements. R is a resistor of 
any convenient size, low enough in comparison with 
SHIELDED; 





то 
TEST 
CIRCUIT 
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the load resistance of the device being tested to have 
negligible insertion effect. R may be an adjustable wire- 
wound resistor for low frequencies, but preferably 
should be a noninduetive type. 

A somewhat similar arrangement, except that an 
ammeter, rather than a voltmeter, is used, is shown in 
Fig. 19-8. However, few ordinary commercial gen- 
erators are able to deliver very much current to a low- 
impedance load and this circuit, therefore, is ordinarily 
less satisfactory than the one that preceded it in this 
discussion, 





AC Power 


The apparent powerin an a-e circuit is the product. 
of voltage and current. The true power is less than the 
apparent power for all but a purely resistive load. The 
true power is E] cos 8 where 6 is the phase angle. 
Therefore, if we know E and J and find cos 6, the power 
factor, we can determine the true a-c power by using 
the formula, The angle # can be found from a slide rule 
or by consulting a trigonometric table, knowing that 
sin @ = A/B, where A and B are as defined in Fig. 
19-9, The value of cos @ can then be found at once; it 
is the power factor. The sum of the resistances RJ and 
R2 is made equal to the plate resistance of the tube 
used with the loudspeaker or load impedance Z, and 
the voltage E is made equal to the equivalent generator 
voltage of the tube, pey, where p is the amplification 
factor of the tube and ¢, is the signal voltage acting in 
the grid circuit. 

P isa potentiometer of convenient size for the source 
voltage available. T is the usual output transformer 
withthe high-impedance side connected to the load and 
the voice coil or low-impedance side connected to the 
source of driving voltage. E isa standard a-c voltmeter. 














This method of measurement utilizes the relationship 
between the vertical- and horizontal-deflection sensi- 
tivity of the cathode-ray tube and makes calculations 
of the impedance and power factor independent of 
acceleration voltages used on the anodes of the cath- 
ode-ray tube. K is the ratio of the vertical-deflection 
sensitivity in direction B, Fig. 19-9, to the horizontal- 
deflection sensitivity in direction C. The phase angle, 

їп 0 = 4/B. The frequency and magnitude of E is 
varied as desired, and the resulting impedance and 
power factor, cos 6, are determined from the formula. 


given above, and Z Ка 





D.C Power 


In a d-c circuit, power is simply EJ. The power can 
be found, therefore, by measuring these two quantities. 
and multiplying them together. Two separate oscillo- 
scopes and circuits could be used, or a single oscillo- 
scope and switching arrangement, Fig. 19-10 shows a 
system of this kind. R is a resistor of some convenient 
value. It is assumed that the oscilloscope has been cali- 
brated for E and /, using the methods previously de- 
scribed ; then, P = EI, a simple product. 





Fig. 19-10 —Measurement of d-c power is possible with this 
arrangement. 


Magnetic Circuit Tests 


Measurement of hysteresis, a magnetic circuit ef- 
fect, is feasible using the cathode-ray oscilloscope. The 
fundamental circuit, for test purposes, is illustrated in 
Fig. 19-11. While the radio technician who services 
receivers would not be called upon to make hysteresis 
measurements, the electrical fundamentals involved 
are important to him and a knowledge of them is essen- 
tial to a complete understanding of his work. To the 
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SAMPLE MATERIAL 
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Fig. 19-11—Basic circuit for hysteresis measurements, 


scientist or engineer, magnetic circuit measurements 
are of great practical importance and general utility 
їп conducting investigations into the behavior of cir- 
cuit components. 

The general theory of magnetic circuits is given in 
standard texts on the subject. Our purpose here is to 
present an application of the cathode-ray tube at work. 
The circuit is so arranged, in Fig. 19-11, that the flux 

establishes the vertical deflection, as with ordi- 
nary electromagnetic deflection oscilloscopes. The flux 
is produced by the flow of alternating current of the 
required frequency and sufficient intensity to provide 
a suitable field strong enough to deflect the beam. 
Consequently, the vertical deflection indicates B, the 
flux density. At the same time, the circuit provides for 
a deflection at right angles to that of the flux density, 
proportional to the magnetizing current. This deflec- 
tion is developed through application of the voltage 
across RI to plate C of the cathode-ray tube and 
ground. The magnetizing current and voltage across 
this resistor are in phase. The sample core material is 
placed within the solenoid and held near the neck of 
the cathode-ray tube, with the face of the solenoid 


Fig. 19-12—Typical hysteresis curves. 





parallel to the plane of the horizontal-defiection plates. 
Since the deflection of the beam is at right angles to 
the magnetic field, positioning of the testing solenoid 
will produce the required vertical deflection. The 
switch marked S is normally closed. The switch is 
cluded in the circuit so that, if desired, the two axes 
may he produced on the cathode-ray-tube screen for 
photographic purposes. When switch S is open, the 
vertical deflection alone is on the screen. To produce 
the horizontal deflection only, without the vertical de- 
flection, switch S is closed and the solenoid and core 
sample are bodily removed from the neck of the tube. 

Illustrative B-H curves are shown in Fig, 19-12A, 
B, C, and D. These curves are those obtained on the 
cathode-ray-tube screen without vertical and horizon- 
tal axis lines. They were made at a frequency of 100 
cps. The value of the resistor RI is dependent upon the 
signal voltage available, This is due to the fact that, 
with limited input signal voltage, saturation of the 
core, indicated by departure from a straight line, i 
trolled by the current-limiting action of this resistor. 
To show the saturation effect, very low values for R, 
as low as 10 or 12 ohms, were used. However, with 
higher values of input voltage, so that saturation can 
be established by varying the input signal voltage, the 
value of this resistor may conveniently be 100 ohms or 
larger. 

The ideal B-H curve is a single straight line, Satura- 
tion of the core, with its detrimental effects, is indi- 
cated by the flattening of the ends of the loop, as indi- 
cated in Fig. 19-12A, B, C, and D. The most pro- 
nounced case of saturation is that in Fig. 19-12A. 
Cases of reduced saturation are indicated in Fig. 
19-13A and B. These patterns also indicate the core 
loss, essentially due to hysteresis. (This means the 
loss introduced in the form of heat, because of the 
molecular change which takes place during the process 
of magnetization.) The extent of this loss is indicated 
hy the area of the loop. The greater the area of the 











con- 





Fig.19-13—Hynteresis curves indicating reduced saturation, 
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hysteresis pattern, the greater the hysteresis loss indi- 
cated in each of the patterns, but Fig. 19-13B shows 
the greatest amount of core loss due to hysteresis, yet 
minimum amount of core saturation. 

When making such magnetic measurements, the 
sweep circuit is not used. The cathode-ray oscilloscope 
is adjusted so that independent voltages may be ap- 
plied to the vertical and horizontal plates through the 
amplifiers feeding these deflection plates. 

In the event that the cathode-ray oscilloscope is not 
equipped with amplifiers for the two sets of deflection 
plates, or for either set of deflection plates, it will be 
necessary to apply sufficient signal voltage to the 
sample coil and rheostat circuits so that suitable de- 
flections are obtained, despite the absence of the ampli- 
fiers. The test frequency is not limited to 100 eps. It 
can be whatever frequency is desired, in accordance 
with the requirements of the test. Transformer steel 
manufacturers publish BeH curves, such as that shown. 
in Fig. 19-14, which can be referred to when making 
tests, 
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7 Vig. 19-14,— Typical transformer steel BH. curve. 


Tube Characteristics 


Tube characteristic curves can be shown advan- 
tageously, for educational or engineering purposes, by 
means of the cathode-ray oscilloscope. However, the 
basis of the curve technique must be understood before 
new curves can be developed or standard curves util- 
ized. Electrical fundamentals continue to apply in this 
work, by extension of basic theory to cover the spe- 
cialized application. The various classes of tubes may 
roughly be divided into high-vacuum and gaseous 
types. Each of these may be divided into generic types 
— diode, triode, tetrode, pentode, etc., according to 
the number of elements contained in the tube and its 
general construction. 


Diodes 


The diode may be used as a d-c limiter, audio recti- 
fier, power rectifer, or r-f rectifier. According to i 
application, an r-f rectifier may be termed demodu- 
lator, mixer, or detector, but here we are concerned 
only with some very fundamental considerations relat- 
ing to the applied voltage and the current that flows 
as a result of it. The shape of the curve will be of in- 
terest to us in picturing the action of the device. 

The basic property of value in the diode is it 
to restrict current flow to one direction ; thus 
serve as a gate for electronic current, or 
tronic switch. In Fig. 19-15A, the current 
only by the diode effective resistance and 
cathode to plate. In Fig. 19-15B, a resistor is in series 












Fig, 19-15—(A) Simple di- 
ЗЕ оде circuit, arrow indicates 

direction of electron flow; (B) 
Ed diode circuit with cathode re- 
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Fig. 19-16 —Connec- 
tion of diode circuit to 
the cathode-ray tube for 
test purposes. 





with the cathode, and the polarity of the voltage across 
it is indicated. The sum of E, and E, is equal to the 
source voltage E. In Fig. 19-15C, the same principle 
holds true, but the resistor is in the plate circuit, with 
the polarity shown, 

If E is replaced with an alter voltage, the 
diode will serve as a rectifier, conducting during the 
half of the a-c cycle when the plate is positive with re- 
spect to the cathode and not otherwise. Suppose, now, 
that we use such a source and connect it to the diode 
circuit and oscilloscope setup as shown in Fig. 19-16. 
We shall obtain a trace on the cathode-ray-tube screen 
indicative of the circuit behavior. 

We may assume, for the purpose of circuit analysis, 
that point 1 is positive during one half of the a-c cycle 
and that a current flows in the direction indicated by 
the arrows. Then, plate B of the cathode-ray tube be- 
comes positive with respect to D and a force acts on 
the electron beam toward B; simultaneously, due to 
the fact that C is also at a positive potential to ground, 
and with respect to A, there is a force acting to the 
right, and the resultant movement of the beam is the 
vector sum of these two forces. A typical curve ob- 
tained with half of a SY3 rectifier diode is shown in the 
Fig. 19-17. The tilt of the curve is due to the electro- 
motive forces described. 








Fig. 19-17.— Typical characteristic 
curve of one-half of SY3 rectifier diode. 





But what of the action during the opposite half of 
the cycle when the polarity reverses? Then, the polar- 
ity signs are reversed and the current flow is ina 
direction exactly opposite to that shown by the arrows, 
if there is any leakage through the diode. Assuming 
that this current is negligible, or does not flow at all, 
we have observed the functioning of a switch — the 
diode — which is now in the open position. The poten- 


tial acting in the circuit makes C negative and both A 
and D positive; but since there is no current through 
R, and therefore no voltage drop, B is likewise at the 
same potential as D. The deflection force is that acting 
between A and C. Therefore, essentially the beam 
tends to move to the left, in a horizontal plane; this 
effect is shown in the flat portion of the curve in Fig. 
19-17. The same fundamental principles would hold 
for any diode, at any frequency and any voltage. How- 
ever, at ultra-high frequencies, for example, other 
complications such as transit time of the electrons 
would affect the behavior of the circuit in a manner 
that can not be explained simply. At the usual audio, 
power, and radio frequencies, the analysis is substan- 
tially true. 

We have seen previously the behavior of d-c and 
a-c diode circuits. The functioning of a diode under 
the conditions of d.c. plus superimposed a.c. is an in- 
teresting study. Fig. 19-18A shows the basic test setup 
used. In an experiment conducted in the John F. Rider 
Laboratories, using one diode unit of a standard SY3, 














(a) (в) 


Fig. 19-18—(A) Functioning of a diode under conditions of 
de plus superimposed ac. is studied with this circuit. The 
voltage relationships are shown in (B). 


the curve shown in Fig. 19-19 was obtained, The diode 
plate is held at a positive potential at all times by the 
4-с source, whose voltage is greater than the peak 
value of the superimposed a-c potential. This is the 
usual case for many practical circuits found in radio 
work; therefore, the analysis should be particularly 
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useful to practical men and engineers engaged in de- 
velopment work on such circuits. 

The voltage relationships are shown in Fig. 19-18B. 
A diagonal line is obtained on the oscilloscope (Fig. 
19-19). Its tilt and general characteristics will be de- 
pendent on the applied potentials and the value of R, 
аз well as the diode characteristics. The curve shown 
in Fig. 19-20 was obtained with 51,000 ohms. 


(53) characteristic curve. 


Triodes 


The triode is simply a diode with a grid added. The 
grid affords great control over the plate current, with 
a small controlling potential. Fig. 19-21 shows the 
relationship that exists between the various factors of 
tube plate potential, grid bias, and plate current. For 
some particular value of plate potential X on the X 


Fig, 19-21. — Graphical rela- 
tionship of plate potential, bias, 
and plate current of vacuum tube. 





axis, a vertical line perpendicular to X may be erected, 
8o that it intersects the curve, which is determined by 
the particular bias potential used. Then, by drawing a 
horizontal line from the point of intersection to the Y 
axis, and finding point Y, the current in the plate cir- 
cuit is found. When several different fixed values of 
grid bias are used, while the plate-voltage plate-cur- 
rent relationship is determined for each bias, asfamily 
of curves results. Such a family is shown in the photo- 
graph, Fig. 19-22. The circuit setup, used to obtain it, 
is illustrated in Fig. 19-23. 

In the experimental setup, an alternating potential 
of 125 volts peak (88 volts rms) was used in series 








with a d-e potential of 125 volts, giving an applied 
voltage which alternated between zero and 250 volts. 
The bias values were adjusted by means of potentiom- 
“ег Р in the grid circuit of the triode (a 6J5) from 
zero to a maximum of —10 volts. Thus resulted a series 
of curves for the various bias potentials used experi- 
mentally, Other values, and other tubes, could be used. 
to obtain the same fundamental results, The plate of 
the tube never goes negative because of the fact that 
the d-c potential acting in the plate circuit is larger 
than the signal voltage. It is also observed that the grid 
of the tube is not allowed to go positive, but for one 
extreme value the grid is at zero potential with respect 
to ground. It is always negative with respect to its 
cathode, however, for even though no bias battery 
potential is used, there is a d-c voltage drop in the 
cathode circuit resistor, which acts as an automatic 
bias potential. The polarity of this voltage is indicated 
in the figure. 






Fig. 1923. — Circuit 





Grid Potential Changes 


Rather than a variation in the plate signal potential, 
we may show, by means of Fig. 19-24A, the changes in 
plate current that occur during the signal cycle in the. 
grid circuit. The circuit arrangement is shown in Fig. 
19-248, For any particular curve, the plate potential 
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Fig. 19-24—(A) Changes in plate current as a function of 
rid signal voltage; (B) circuit for checking performance of 
tube under dynamic signal conditions. 


and d-c bias voltages are held constant. Suppose that 
the highest permissible plate potential is used. Then, 
the maximum value of plate current is Y 1. Similarly, 
using a lower value, the maximum is ¥2. The bent part 
of the curve illustrates the nonlinearity of the tube 
characteristic, The curve is usually reasonably flat over 
a major portion of its length. It is over this flat portion 
that operation is often sought in the design of circuits 
uch tubes. For detection, or mixing, the non- 
linear characteristic is not only desirable but neces- 
sary. A photograph of a series of curves obtained on a 
cathode-ray-tube screen is shown in Fig. 19-25. The 
signal voltage E had an rms value of 8.86 volts and the 
bias potential was set at —12.5 volts. 











The grid is not allowed to go positive during the 
signal cycle, which is the condition required for the 
usual Class A functioning of an amplifier tube. Vari- 
‘ous values of plate potential, 450, 350, 250 and 150, 
were used. As the grid never goes positive with re- 
spect to ground, plate C of the cathode-ray tube is al- 


ways at a negative potential and repels electrons of the 
beam within the cathode-ray tube away from this plate. 
The motion is toward the left due to this force. The 
motion of the beam is also upward due to a force 
caused by the positive, attractive charge on B of the 
cathode-ray tube. The net resultant force is the vector 
sum of the two described forces. The voltage across R 
is in phase with E. Therefore, as E becomes positive, 
at terminal 1 with respect to terminal 2, the bias is re- 
duced on the grid and the cathode current through R 
goes up, the voltage across this resistor being in phase 
with the current, The shape of the curve is shown in 
Fig. 19-24A and the family of curves in Fig. 19-25. 

The dynamic characteristic of a tube under specified 
conditions is similar to the characteristic curves just 
obtained, except that it takes into consideration the re- 
duction in voltage, at the plate of the tube, due to the 
load impedance. (An adequate description of tube 
characteristics and their meaning will be found in a 
good radio tube handbook.) 

The dynamic characteristic curve, in general, 
not be a straight line but will have a slight curvature 
The amount of this curvature is decreased by increas- 
ing the amount of resistance used as a plate-circuit 
load. 

Making the assumption that the curve, for purposes 
of analysis, is parabolic rather than a straight line, it 
can be shown mathematically that the application of a 
sine-wave input signal to the grid will result in a plate 
current that contains a second-harmonic term and con- 
stant term in addition to the fundamental frequency. 
‘The constant term arises from the partial rectification 
that takes place as a result of the curvature in the dy- 
namic curve of the tube. However, if the plate-load 
circuit is reactive, the curve becomes an ellipse. This 








ton. 
Fig. 19.25. — Effect 
i of reactive plate load is 
ше еы 
2 tales on the shape of 
z an ellipse. 
Ib me 


is illustrated in Fig. 19-26. It is known that the equiva- 
lent circuit analysis often used for making engineering 
calculations cannot accurately be applied in this case. 
The shapes and general characteristics of the curves 
Ae dependent onthe cc rangement wed tthe 
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Tetrodes 


An oscillogram showing the plate, screen, and cath- 
ode currents through a tetrode is shown in Fig. 19-27. 
The total cathode current is practically constant. 
These relative effects are shown by the graphical por- 
trayal in the figure. The screen current is lower than 
that of the plate since it generally operates at a lower 
Potential. 


Fig. 19-:27.—Oncillo- 
gram showing plate, 
screen, and cathode 
currents through a te- 
trode, 





Pentodes 


The pentode-type tube is widely used as a voltage 
and power amplifier. A means of checking pentode- 
type tubes is illustrated in Fig. 19-28. The vertical- 
deflection plates of the oscilloscope are connected 
across resistor R, which is in series with the negative 
line of the B potential source. E is a signal source, such 
as an audio generator, which supplies an alternating 
potential to the grid of the pentode under test, E, is 
the screen potential, 

Sharp-cutoff pentode voltage-amplifier tubes are 
used, sometimes as detectors or oscillators. Remote- 
cutoff pentode voltage-amplifier tubes are customarily 











used as r-f or i-f amplifiers, and tubes with intermedi- 
ate or remote characteristics may be used as audio volt- 
age amplifiers or power output tubes. Curves showing 
the various types of functions are shown in Fig. 19-29, 





pentode characteristic 
curves; sharp and remote 
cutoff, 





Beam Power Tubes 


‘The beam power tube is an improvement over the 
tode type, having greater dynamic power sensi- 
tivity, Its constructional features are described in 
standard texts and tube manuals, Oscillograms of the 
tube characteristics of a typical beam type are shown 
in Fig. 19-30, for various values of grid potential, 








Positive Grid Tests! 


Considerable difficulty has been experienced in ob- 
taining the positive grid characteristic data for large 
high-vacuum tubes, since the tube dissipation, while 
these points are being taken, is so high that destruc- 
tion of the tube is likely to take place if the power is 
left on sufficiently long to read a conventional meter. 
To obviate this difficulty, various methods have been 
devised. In general, these consist of means for apply- 
ing proper voltages to the tube under test, for very 
short times, and for recording photographically the 
voltages and currents seen oscillographically. In the 
case of very large tubes that draw high currents, a 
technique that may be used requires a rather large 


1The ing material is due to O. W. Livingston, Pro- 
cingi LR, val Bhs 65 309 Jane 194 
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Fig. 19-35.—Circuit for checking a-c line voltage waveform. 


under consideration. When the motor is switched on 
and off, the line voltage will be affected. Unless the 
‘oscilloscope has a built-in electronic voltage regulator, 
the trace on the cathode-ray-tube screen may wobble 
quite a bit and the operation of the equipment únder 
test will also be affected. This equipment is repre- 
sented as a load in the drawing. The motor might be 
replaced by any other electrical device drawing a good 
deal of power from the line, thereby affecting the volt- 
age regulation. It is important to keep in mind, in 
making tests, the conditions under which they are 
made, so that true interpretation of the patterns ob- 
served on the cathode-ray-tube screen may be made. 
If, for example, a constant-voltage transformer is used 
according to Fig. 19-36, to stabilize the source poten- 
tial, it will be necessary to take into account the slight 
distortion of the line waveform, or, rather, the wave- 
form of the voltage delivered by the transformer to the 
load. A departure from a sine wave may be expected. 
The filter waveforms, however, in half-wave and full- 
wave rectifier systems, will be so slightly affected that 
the result may be regarded as negligible. 











CONSTANT VOLTAGE 








19.96 —Cireit 
TRANSFORMER == 
n. Sonstant voltage trana- 
tine 
Power Supplies 


The function of a power supply is simply to supply 
power to the circuit. In a battery set, the battery sys- 
tem represents the simplest form of power supply. In 
the a-c or auto set, or d-c line receiver, a rectifier tube 
and filter system are used. The waveforms that are ob- 
tained vary according to the design and condition of the 

equipment. In receivers, the three main classifications 
are half-wave, full-wave, and vibrator-type supplies. 


Hall-Wave Rectifier 

The basic circuit is shown in Fig. 19-37. Many 
commercial receivers employ a half-wave rectifier of 
this type. High-voltage capacitors were used in this 
experimental setup to avoid damage that might result 
during tests. Two oscilloscopes were used for the tests ; 
a Waterman S11-A was used for usual observation 
and an RCA WO-79A, with attached camera, per- 
mitted photographing the various traces reproduced 
in this chapter. 

Ry consisted of ten 300-chm, 10-watt resistors in 
series. A shorting wire (insulated except for the 
ends), fitted with alligator clips, permitted varying the 
load on the supply. An input of 115 volts was applied 
to the rectifier circuit through a standard General 
Radio Variac and held at that value by referring to a 
0-150 volt a-c voltmeter shunted across the rectifier 
a-c input circuit. 








Fig. 19.37 —Basic half-wave rectifier circuit. 


‘The waveform obtained with the oscilloscope input 
connected across C1, the input filter capacitor, Fig. 





The dc voltage across C1 was 135 volts and that 
across C2 was 128 volts. Without changing the verti- 
cal gain and still using “line sync,” the pattern in Fig. 
19-39 was obtained, which shows practically a pure 
de output атон C2. 
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Fig. 19-39. — Wave- 
form of voltage output 


The pattern in Fig. 19-40 was obtained using the 
oscilloscope across C2 with inductance L, Fig. 19-37, 
shorted out of the circuit. This is also the waveform for 
C1, since, with L shorted out, C2 is in parallel with C1 
With no load on C1 (Rz and the choke disconnected) 
a practically straight line pattern, as shown in Fig. 
19-41, was obtained. With Rz adjusted for a 90-ma 
load (heavy loading of the power supply) the a-c volt- 
age component across C1 increased in magnitude, as 
shown by the pattern in Fig. 19-42. 





Fig 19-97) shorted out 


Fig. 19-41.—With no 
load on C1 (Ry, and the 
choke disconnected) а 
practically straight-line 
pattern is obtained, 


Fig. 19-42, — Heavy 
loading of, the power 


supply produce 
pattern. 





| 








‘Some rather interesting patterns are obtained under 
various conditions. Using Rz = 3,000 ohms, and re- 


moving C1 from the circuit, the waveform of the volt- 
age between the rectifier cathode and B— was that 
shown in Fig. 19-43. A 20-ma d-c output current was 
obtained in Rx. With CI open, the waveform of the 
voltage across L was that shown in Fig. 19-44. 

The waveform of the a-c voltage across C1, with C2 
open, is shown in Fi 


- 19-45. With C2, some ripple 
was observed across Rz, as shown by Fig. 19-46, Using 
the same setup as Fig. 19-37, except that a 2,000-ohm 
resistor R was substituted for L, different patterns, as 
might have been expected, were obtained. Fig. 19-47 
shows the circuit. Fig. 19-48 shows the a-c voltage 





Fig. 19-44. — Wave- 
form of voltage across L 
with Cl removed from 
К 


Fig. 1945. — Wave. 
form oí voltage across 
normal input filter ca- 
pacitor, wih output fi ed 
er capacitor. 
pected to simulate open 
condition. 





Fig. 1946. — Wave- 
form of valtage acros 
ouput her capacitor of 
уаз: бру at 
sigh nding (%0 mal 
Маш мз ишш 
ef bm voltage 





Fit. 19-47. — Circuit 
serias reist 
дз in place of 


ык $948 Wave- 
form tage across 
RC filter system, with 
disconnected load, in 


half _wave rectifier power 
supply. 
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waveform across C1 with R, open. Rz was adjusted 
for a 50-ma load. Fig. 19-49 shows the waveform 
across R with Rz = 2,000 ohms and C1 open. 

The foregoing discussion of the half-wave rectifier, 
using the high-vacuum diode tube is logically followed 
by a discussion of a similar half-wave rectifier, using a 
selenium element, which has found favor with receiver 
designers of late; typical waveforms obtained using 
this form of element will be shown. 


Ри. 9 Wave: 
(orm across 
ж тымен in alle 
Wave тейит circuit 
With Ry set at 2000 
‘ohms and CZ open. 





Selenium Rectifiers (Hall-Wave) 


‘The selenium rectifier is similar in many respects 
to a half-wave rectifier tube, but has a reverse as well 
forward current characteristic, Fig. 19-50 shows 
the oscillogram of the output current of a standard 
selenium rectifier. Such rectifiers may have current 
ratings of 100 to 200 ma. The resistance in series with 
the rectifier element varies inversely as the load cur- 
rent rating. Typical values are 22 to 5 ohms for the 
100- to 200-ma types. 








Fig. 19.0. — of the 
output current as selenium 
rectifier. 

پر 
Coursery Radio Receptor Co.‏ 


In the circuit shown in Fig. 19-51, the filter capacitor 
C basa value of 40 pj. The load resistance is adjusted, 
experimentally, to draw the rated current. The in- 
ternal sweep of the oscilloscope is not used, the vertical 
input being connected across Ry and the horizontal 









SELENIUM 
RECTIFIER 





Fig. 19-51.— Circuit of selenium half-wave rectifier power 
supply. 


input across the a-c line ; the oscillogram is, therefore, 
the curve of current plotted against voltage. Note that 
an external ground is not used, since it might cause a 
short circuit of the power line, one side of which is 
usually grounded. 

A portion of the curve in Fig. 19-50 is practically 
horizontal. The reverse current graph is shown below 
the horizontal axis and the forward current above it. 
Without the capacitor in the circuit, the graph assumes. 
the shape indicated in Fig. 19-52. Using the same 


Fig. 19-52.—Oxcill. of volt 
atte Sage rate 
‘across load resistance is not used. 





Courtesy Rodio Receptor Co,‏ سے 
circuit but omitting the horizontal input connections‏ 
to the test circuit of Fig. 19-50, and using a timing axis‏ 
linear sweep frequency of 30 eps in the oscilloscope,‏ 
the pattern shown in Fig. 19-53 is obtained. Two rela-‏ 
tively steep pulses are shown for the forward current‏ 
characteristic and minor downward loops are indicated‏ 
for the reverse current characteristic.‏ 
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A somewhat similar pattern but with broader peaks 
is shown in Fig. 19-54, This pattern was obtained 
using the oscilloscope vertical input across Rg and a 
30-cps internal sweep. The oscilloscope horizontal in- 
put was disconnected from the test circuit, and the 
capacitor normally across R; was disconnected so that 
no filter capacitance was used. 


Fig. 19-54.— Oscillogram| 
of voltage across R, with C 
omitted using 30-cps cathode- 


ray oscilloscope internal sweep 
and no horizontal input con- 
nections to test circuit of rec- 
ther. 


viery Redi Receptor Co 





PullWave Rectification 


The waveforms obtained using full-wave rectifica- 
tion are somewhat different than those obtained for 
half-wave, The test circuit used is shown in Fig. 19-55; 
because of the higher voltage, a I-megohm resistor was 
connected in series with the oscilloscope input circuit 
to reduce the oscilloscope input voltage to approxi- 
mately half. 





Fig. 19-55.—Foll-wave rectification test circuit. 





Oscillograms taken, using this circuit, are shown 
in Figs. 19-56 to 19-63. The details are given in the 
caption with each figure. 





ig. 19-56. — Wave- 
form of voltage across 
primary terminals 
power transformer in 
Full-wave rectifier 
power-supply system. 





Fig. 19-57. — Wave- 
form of vage atone 
ошма fer apachor 
C2 ior S0-ma Toad, wee 
ing circuit in Fig. 19-85. 


Fig. 19-58. — Voltage 
across L (Fig. 19-58) 
for 40-ma load. 


Fig. 19-59. — Wave- 
form of voltage across 
output filter capacitor 
C2 of full-wave supply 
with input filter capac 
tor CI disconnected, cir- 
sit of Fig. 19-55 





Fig. 19-60. — Wave- 
form of voltage from 
put of L to ground, ca- 
pacitor C1 disconnected, 
Circuit of Fig. 19-55. 





Fig, 19-61. — Wave- 
form from input of L to 
ground, CI input fiter 
‘capacitor, connected, C2 
Output filter capacitor 
open. 
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Fig. 1942. Wavelorm 
of voltage across Z, verien 
fey inductance, with one 
rectifier plate circuit open, 
Чеш of Fig. 15-5, 


Fig. 19-63. — Voltage 
across the input filter ca- 
pacitor. with one rectifer 
plate circuit open, circuit 
9f Fig. 19-55. 


Selenium Rectifier (Full-Wave) 


The selenium rectifier is widely used commercially 
in industrial equipment, particularly in bridge circuits 
such as that in Fig. 19-64. The normal pattern of the 







BRIDGE 
SS RECTIFIER С) 
то 
AC 
SOURCE 








Fig. 19-64—Test setup for determining. bridge-recifer 
ан Arrow iow ийген сити ow" 


Fig. 19-65. — Normal. rip- 
ple voltage across load Sweep 
at half of power line fre- 
quency, circuit of Fig. 19-84. 





Courtesy Radio Receptor Co. 


ripple voltage across the load resistance, Rz, is shown 
in Fig. 19-65 which was obtained using a 30-cps 
sweep. This pattern is also obtained when the circuit 
of Fig. 19-66 is examined. 


The pattern obtained when any one arm of either 
type circuit is open consists of two pulses, and is the 
same as the pattern shown, earlier in the selenium 
half-wave rectifier discussion, for the condition when 
a 30-cps internal oscilloscope sweep is used and the 
capacitor across the load is omitted. 


E 
T 





Fig 19-66 — Test setup for obtaining characteristics of fell- 
wave rectifier. 


The pattern in Fig. 19-67 was obtained for the ripple 
voltage across Ry, with a circuit condition such that 
the rectifiers had greatly unmatched forward resist- 
ances. This condition may be observed when one arm 
has been damaged. 


Fig.19-67.—Ripplevolt- 
age with any one arm 
Sz, circuit of either Fig. 
19-64 or Fig. 19-66. 





Courtesy Radio Receptor Co 


Three-Phase Rectifiers 
This type of circuit is used in industrial apparatus, 
Shown in Fig. 19-68, L1, L2, and L3 are the trans- 
former secondaries. The various selenium rectifier ele- 
ments are designated x1 to sô. Rz is the load resist- 
ance. The oscillograms were taken using a 30-cpe 
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Fi 
id 


sweep for 60-cps line frequency. Figs. 19-69 to 1972 
are oscillograms taken across a three-phase rectifier 
load, as in Fig. 19-68, under conditions stated in the 
captions, 








e 19-69, — Май 
19-68. 


Fig. 19-70.—Ripple volt- 
ы эмд гай 
im od ай 
of Pig. 19:58. 


negative and 
one positive arm (not 
m m 





Fig. 1972. Ripgle và 
sacro lad. vil two napi. 
the or two” positive, arms 
open, circuit of Fig. 19-68. 





Courtesy Radio Receptor Co, 


Vibrator Testing 


To the average radioman, a vibrator means just one 
thing — a part of an auto radio power-supply system. 
However, largely due to war research, vibrator appli- 
cations have been increased, until now virtually every 
field of electronics using d.c. as a primary source of 
power and needing an a-c power circuit uses, in one 
form or another, a vibrator-type mechanism. The same 
principles which apply to auto vibrator design and 
usage also apply to vibrators in other equipment. Of 
course, it is necessary to correlate other factors such 
as power rating, continuous duty performance, etc, 

‘The photographs of voltage waveforms obtained 
under various conditions that are shown in this chap- 
ter are general, not specific illustrations, A cert 
amount of this information is basic and can be applied 
without great discrimination, but there are too many 
various, too many complex factors, to permit breaking 
down the patterns into groups that would apply to 
specific problems. As an analogy, the general classes 
of fingerprints may be organized, and rules established 
for identification, but the fingerprints of one individual 
are never exactly like those of another person. 

‘The proper adjustment of the contacts entails the 
consideration of long life, as well as operating effi- 
ciency. Both of these factors, efficiency and long life, 
are related to specific modes of application with respect 
to the related apparatus, such as the power trans- 
former, the load, buffer capacitors, etc. 

Speaking generally, symmetry in the voltage wave- 
form is an essential factor. Comparative freedom from 
arcing, which is productive of noise and appears in the 
oscilloscope image as jagged streamers or off-shoots, 
is required. Imperfect operation, due to one cause or 
another, produces incorrect output voltage and incor- 
rect primary current. Usually, faulty vibrator opera- 
ion results in lowered B-supply output voltage and in- 
creased battery current. Correction of the condition 
restores the output voltage to its normal value. Corre- 
lation of the oscilloscope pattern and a measurement 
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of the d-c output voltage serves as a guide to proper 
adjustment of the vibrator. A 5,000-ohm load is usually 
used when testing auto radio vibrator units, as this is 
an average value. 

Speaking of symmetry in the voltage waveform, a 
slight departure is to be expected when checking the 
operation of that portion of the transformer windings 
which is related to the starting winding. This winding 
shunts one-half of the primary winding in all full-wave, 
synchronous, and nonsynchronous vibrator systems. 
The oscillograms to be shown will serve to illustrate 
the applications of the cathode-ray oscilloscope in the 
interpretation of electronic circuit observations ob- 
tained visually. Information of this kind is useful to 
the serviceman, The schematic diagram of the full- 
wave nonsynchronous vibrator power-supply unit used 
during some of these tests is shown in Fig. 19-73. 
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Fig. 19-73.— Schematic diagram of full-wave nonsynchro- 
nous vibrator power-supply unit used in testa. 


The 6-volt battery may be any standard automobile 
battery, Usually, the negative side is grounded but the 
polarity is unimportant for a nonsynchronous vibrator. 
For the synchronous type, observation of proper po- 
larity is essential. The rectifier tube may be any stand- 
ard type. C1 and C2 may be 4 to 20-xf 450-volt 
capacitors, L iy achoke of 5 o 20 henrys, Rz is a 5,000- 
ohm, 30-watt wire-wound resistor. 

The osciloscope is connected as shown in Fig. 
19-73, the Y-axis input going to the B-supply output 
circuit, or other test point. The oscilloscope was used 
as a means of observing voltage waveforms. The in- 
ternal linear sweep was used, with internal synchroni- 
zation. Vibrator adjustments were checked by noting 
the waveforms of the various voltages. Oscillograms 
of voltages taken across P1-P3 and P2-P3 are shown 
in Fig. 19-744 and Fig. 19-74B, respectively. Oacillo- 





Fig. 19-24. Oscllograms taken at transformer, Fig. 19-73. 
(A) and (B) show primary voltages, P1-/3, P231. (C) 
and (D) show secondary voltages, 51-53, 52-53. 


grams of voltages taken across 1-53 and 52-53, re- 
spectively, are shown in Fig. 19-74C and Fig. 19-74D. 
An oscillogram of the voltage across C1 is shown in 
Fig. 19-75. The oscillograms in Figs. 19-76A, 19-76B, 
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Fig, 1977; Efect of unbalanced, input circuit (refer to 
73). (A) resistance of 1 ohm in series with contact 4; 
(BS resistance of 2 ohms in series with contact A. 





and 19-76C were made with the vibrator of Fig. 19-73 
functioning as a half-wave vibrator, contact 4 being 
disconnected. The P1-P3 voltage waveform is shown 
in Fig. 1976A. That across S1-S3, also using hali- 
wave vibrator operation, is shown in Fig. 19-76B. 

Fig. 19-76C shows the P1-P3 voltage when the re- 
maining active contact clearance or separation of the 
vibrator was increased appreciably. Fig. 19-76D shows 
the P1-P3 voltage with vibrator contact A reconnected 
normally. The contact separation was made uniform 
so that symmetry was obtained. Fig. 19-76E shows the 
P1-P3 voltage, starting with the adjustment just de- 
scribed and then opening the contacts to maximum 
operation, The voltage across 51-53 is shown in Fig. 
19-76F. Fig. 19-77 A shows the pattern obtained for a. 
1-ohm resistance in series with contact A of the vi- 
brator, and Fig. 19-77B shows the waveform with 2 
‘ohms added to the A vibrator circuit. 








Full-Wave Synchronous 


‘The basic circuit is shown in Fig. 19-78, and it is, of 
course, at once obvious that this circuit is distinguished 
froin the nonsynchronous by the absence of a rectifier 
tube, The vibrator itself does the rectifying, rather 
than an electronic rectifier. 






TO TEST 
POINTS „CRO 


19-78. Schematic. of fall: 
Fig. 2 diagram. wave synchronous 


With the supply in normal working order, the volt- 
age waveforms in Fig. 19-79A and B, were obtained, 
across PI-P3 and P2-P3 respectively. The correspond- 
ing secondary voltages are Figs. 19-79C and 19-79D. 
Fig. 19-79E shows the waveform of the voltage across 





Fig. 19-79—Oscillograms of normal operation of synchro- 


mous vibrator (refer to Fig. 19-78): (A) primary voltage 
PIPA; (B) primacy voltage PAPI; (€) secondary voltage 
SIS; (D) Secondary voltage 52.53; (E) voltage at iter 
[и эон С Мое бое бн сше БУЫ ш 
ference, brought out by tographie exposure, which 
as token main trace; (P) mms at (5), Gres nora! 
exposure, ‘Streamers are mot recorded photographically, al- 
though visible to the eye. 





C1, the input filter capacitor. Fig. 19-79F is a dupli- 
cate of Fig. 19-79E except for two items: Fig, 19-79E 
is a 3-second exposure whereas Fig. 19-79F is a % 
second exposure. A transient is present in Fig. 19-79F, 
but the “streamers” or "off-shoots," which cause r-f 
interference, although visible upon the screen, did not 
record upon the film. The long exposure is the reason 
for the very thick lines in Fig. 19-79E. 

Maximum separation between the secondary con- 
tacts resulted in the waveform of voltage across P1-P3 
shown in Fig. 19-80A. Arcing was observed at the 
contacts, The effect of very little spacing between the 
contacts is shown in Fig. 19-80B. The voltage was that 
across PI-P3. A readjustment for symmetrical wave- 
form developed the pattern shown in Fig. 19-80C, 
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of the d-c output voltage serves as a guide to proper 
‘adjustment of the vibrator. A 5,000-ohm load is usually 
used when testing auto radio vibrator units, as this is 
an average value. 

Speaking of symmetry in the voltage waveform, a 
slight departure is to be expected when checking the 
operation of that portion of the transformer windings 
which is related to the starting winding. This winding 
shunts one-half of the primary winding in all full-wave, 
synchronous, and nonsynchronous vibrator systems. 
The oscillograms to be shown will serve to illustrate 
the applications of the cathode-ray oscilloscope in the 
interpretation of electronic circuit observations ob- 
tained visually. Information of this kind is useful to 
the serviceman. The schematic diagram of the full- 
wave nonsynchronous vibrator power-supply unit used 
during some of these tests is shown in Fig. 19-73. 





s —3,5wos -sTEP-UP. 
TRANSFORMER, 






VIBRATOR 
CONTACTS 


VIBRATOR 
соң. 


Fig. 19-73.— Schematic diagram of full-wave nonsynchro- 
nous vibrator power-supply unit used in tests. 


The 6-volt battery may be any standard automobile 
battery. Usually, the negative side is grounded but the 
polarity is unimportant for a nonsynchronous vibrator. 
For the synchronous type, observation of proper po- 
larity is essential. The rectifier tube may be any stand- 
ard type. C1 and C2 may be 4 to 20-af 450-volt 
capacitors, L is a choke of 5 to 20 henrys, Rz is a 5,000- 
ohm, 30-watt wire-wound resistor, 

The oscilloscope is connected as shown in Fig. 
19-73, the Y-axis input going to the B-supply output 
Circuit, or other test point. The oscilloscope was used. 
as a means of observing voltage waveforms. The in- 
ternal linear sweep was used, with internal synchroni- 
zation. Vibrator adjustments were checked by noting 
the waveforms of the various voltages. Oscillograms 
of voltages taken across PI-P3 and P2-P3 are shown 
in Fig. 19-74A and Fig. 19-74B, respectively. Oscillo- 





Fit. 1924. Oxillograms taken at transformer, Fig, 19:73. 
(A) and (B) show primary voltages, P1-P3, P2-P3. (C) 
and (D) show secondary voltages, 31-53, 52-55. 





grams of voltages taken across 51-53 and 2-53, re- 
spectively, are shown in Fig. 19-74C and Fig. 19-74D. 
An oscillogram of the voltage across C1 is shown in 
Fig. 19-75. The oscillograms in Figs, 19-76A, 19-76B, 
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Fig. 19-77.—Effect of unbalanced input circuit (refer to 
Fig. 19-73). (A) resistance of 1 ohm in series with contact 47 
(B) resistance o£ 2 ohms in series with contact 4. 





and 19-76C were made with the vibrator of Fig. 19-73 
functioning as a half-wave vibrator, contact being 
disconnected. The P1-P3 voltage waveform is shown 
in Fig. 19-76A. That across 51-53, also using half- 
wave vibrator operation, is shown in Fig. 19-76B. 

Fig. 19-76C shows the P1-P3 voltage when the re- 
maining active contact clearance or separation of the 
vibrator was increased appreciably. Fig. 19-76D shows 
the P1-P3 voltage with vibrator contact A reconnected 
normally. The contact separation was made uniform 
so that symmetry was obtained. Fig. 19-76E shows the 
P1-P3 voltage, starting with the adjustment just de- 
scribed and then opening the contacts to maximum 
operation. The voltage across 51-53 is shown in Fig. 
19-76F. Fig. 19-77 A shows the pattern obtained for a 
l-ohm resistance in series with contact A of the vi- 
brator, and Fig. 19-77B shows the waveform with 2 
ohms added to the A vibrator circuit. 





Full Wave Synchronous 

The basic circuit is shown in Fig. 19-78, and it is, of 
course, at once obvious that this circuit is distinguished 
frorn the nonsynchronous by the absence of a rectifier. 
tube. The vibrator itself does the rectifying, rather 
than an electronic rectifier. 





Ж. wave. 
Fig, 1978. Schematic dingram of fll-wave synchronous 


With the supply in normal working order, the volt- 
age waveforms in Fig. 19-79A and B, were obtained, 
across P1-P3 and P2-P3 respectively. The correspond- 
ing secondary voltages are Figs. 19-79C and 19-79D. 
Fig. 19-79E shows the waveform of the voltage across 
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C1, the input filter capacitor. Fig. 19-79F is a dupli- 
cate of Fig. 19-79E except for two items: Fig. 19-79E. 
is a 3-second exposure whereas Fig. 19-79F is a 4 
tis present in Fig. 19-79F, 


second exposure. A transi 
but the “streamers” or "off-shoots," which cause r-f 
interference, although visible upon the screen, did not 
record upon the film. The long exposure is the reason 
for the very thick lines in Fig. 19-79E. 

Maximum separation between the secondary con- 
tacts resulted in the waveform of voltage across P1-P3 
shown in Fig. 19-80A. Arcing was observed at the 
contacts. The effect of very little spacing between the 
contacts is shown in Fig. 19-80B. The voltage was that 
across P1-P3. A readjustment for symmetrical wave- 
form developed the pattern shown in Fig. 19-80C. 








688 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 





Fig. 19-80.—Effects of variation of contact Wave- 
forms show voltage across PI-P3, circuit of Fig. 19-78, for 
various conditions. 








Connecting a 0.5-ohm resistor in series with the bat- 
tery produced the oscillogram of Fig. 19-80D. The 
B-supply output voltage also dropped from a normal 
of about 245 volts to about 150 volts. This is the d-c 
voltage measured across R, in Fig. 19-78, 





Fig. 19-81—Effect of varying buffer capacitor Cy, circuit 
of Fig. 19-78, all contact adjustments normal. 


Starting with the normal adjustment of Fig. 19-80, 
removal of the buffer capacitor Cy developed the pri- 
mary voltage waveform shown in Fig. 19-81A. The 
waveform of the voltage in the secondary circuit is 
shown in Fig. 19-81B with Cy out of the circuit. The 
excessive amount of sparking is clearly indicated by 


the oscillogram. With a 0.001-yf buffer capacitor, the 
voltage rose to 170 volts, and the voltage across the 
secondary winding is shown in Fig, 19-81C. With 
0.005 pf as the buffer capacitor, the voltage rose to 244 
volts, with the waveform shown in Fig. 19-81D, In 
modern auto sets, the buffer capacitance may be ap- 
proximately 0,006 to 0.01 pj for many vibrator circuits. 

The oscillograms shown are indicative only of gen- 
eral facts and are not intended as patterns for com- 
parison with waveforms obtained under different con- 
ditions and with other circuits. 


Production of Vibrator Tests 


In the production of millions of vibrators used in 
radio equipment and electronic apparatus, the oscillo- 
scope has been an invaluable instrument and its value 
increases constantly as new uses for it are found. 
Basically, the vibrator is a high-speed reversing switch 
used to reverse the direction of current flow through 
an associated transformer winding. By means of the 
vibrator, conversion of d.c. to a.c. is made possible. The 
most comprehensive electrical characteristic of vibrator. 
performance is the waveform of the voltage across its 
two pairs of primary contact points while operating 
with normal load, transformer, buffer, and generally 
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Fig. 19-82.— Production test setup for nomsynchronous vi- 
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normal circuit characteristics. The oscilloscope makes 
such waveforms conveniently visible. From the wave- 
form, at least seven important electrical characteristics 
of vibrator adjustment may be judged quickly from 
one composite observation. 

Fig. 19-82 indicates, in simplified form, the connec- 
tion of the oscilloscope to the vibrator. In this drawing, 
we associate the upper half-cycle with the No. 1 con- 
tacts on the vibrator, and the lower with the No. 2 


1112245 





Courtay Du Mons Labs. 
efits 19-81-10-ep8 synchronous vibrator waveform pat- 


Fig. 19-83 shows a 100-cps synchronous vibrator 
waveform pattern. The contact closure time for the 
primary is 43 per cent ; for the secondary, 40 per cent. 
‘The waveform appears on its normal horizontal axis 
of: the cathode-ray-tube screen. The pattern shows the 
reversal of current flow accomplished by the vibrator. 
‘The oscilloscope, in this example, essentially is an a-c 
voltmeter, with zero center on the horizontal baseline 
and with positive values above it and negative below it. 

Closer spacing of the vibrator contact points pro- 
vides a higher closure time and less open time during 
the cycle; contacts spaced wider provide a lower con- 
tact closure time. This fact may be noted by observa- 
tion of the waveform. The waveform illustrated in Fig. 
19-83, with a 43 per cent primary contact closure and 
40 per cent secondary contact closure, indicates that 
the horizontal portion of each half-cycle is 40 per cent 
of the total cycle. This represents the secondary closure 
time. The horizontal width of the flat-top portion of 
each half-cycle, inclusive of the peaks at the corners, is 
43 per cent of the total cycle width. This represents the 


the two spacings is called the differential or the lag of 
the secondary contacts. This is represented by the 
peaks ("dog ears") at the corners of the horizontal 
lines on the waveform. 

In Fig. 19-84, four different waveforms are shown. 
Sketch "A" illustrates comparatively wide spacings of 
contacts — primary 36 per cent, secondary 30 per cent. 
Sketch “B” illustrates waveform of contacts adjusted 
somewhat closer than in sketch “A” — primary 40 per 
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cent and secondary 34 per cent. Sketch "C" illustrates 
closely spaced contact points — primary 43 per cent 
and secondary 37 per cent. Sketch "D" illustrates very 
close contact spacing — primary 46 per cent and sec- 
ondary 40 per cent. All four sketches indicate a differ- 
ential or secondary lag of 6 per cent. This is normally 
the maximum lag necessary. In many applications, a 
differential of only 2 to 5 per cent is adequate. 

It should be noted that as the contacts are spaced 
closer, the vertical lines of the waveform become less 
tilted and become nearly straight up and down on the 
very close-spaced adjustment, while on the wide- 
spaced adjustment, the vertical lines slope consider- 
ably. Another useful clue to vibrator adjustment which 
the oscillogram provides is the size of the opening in 
the vertical lines. This characteristic may be reliably 
used to judge contact spacing for production testing 
The size of the opening is inversely proportional to the. 
contact spacing. as can be seen from a study of the 
sketches in Fig, 19-84. Fig. 19-85 is a pattern obtained 

















Crerteey Du Mont Labs 
19-85.— Synehronous. vibrator. waveform stody; TC, 
100 per cent time duration of one cycle; TP,, closure time of 
No, 2 primary contact; TS, closure time of No. 2 secondary 
contact; TS, closure time of No. 1 secondary contact; TP, 
closure time of No, 1 primary contact; Vy, vertical line 
caused by No. 1 contact spacing; Vp, vertical line caused 
by No. 2 contact sj O's, vertical openings caused by high 
velocity of voltage rise. The oscilloscope is unable to write or 
trace at that velocity with the given intensity control setting: 
O,, vertical opening caused by No. 1 contact spacing; Oy 
vertical opening caused by No. 2 contact spacing ; M, "make" 
side of half-cycle, the “hash” corner is caused by voltage 
peaks due to oscillation in buffer transformer and to contact 
chatter; B, “break” contact side of half-cycle, indicates the 
secondary to primary differential peak; TD, differential in 
closure time between contact No. 1 and its respective secon- 
miary contact No. 3; TD), differential in closure time between. 
contact No. 2 and ita respective secondary contact No. 4. 
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Fig. 19-86.—Various defects that may occur result in def: 
rite wavelorm patterns soch as these, which ean be interpreted 
to decide the probable cause of » specie trouble 


in studying a synchronous vibrator. The actual time of 
‘one cycle is determined by finding the reciprocal of the 
vibrator frequency. A 100-cps vibrator requires Hoe 
second or 0.01 second per cycle. 

The openings in the vertical lines in Fig. 19-85 are 
caused by the exceptionally rapid rise in voltage that 
occurs immediately after the vibrator contacts meet. 
In this portion of the cycle, the voltage change is many 
times faster than in other portions of the cycle, There- 
fore, a light trace for this portion, hardly visible, is 
obtained. 

‘The various defects that may occur result in definite 
waveform patterns which can be interpreted to decide 
the probable cause of a specific trouble. Referring to 
Fig. 19-86, sketch 14 shows the result of an excessive 
differential between primary and secondary contact 
spacing. One or both of the secondary contact spacings 
are much wider than their respective primary contact 
spacings, causing too much lag. The secondary con- 
tacts of a synchronous vibrator should always be 
spaced slightly wider than the respective primary con- 
tacts, but only slightly. If too much lag exists, it will 
appear on the waveform as is indicated in Fig, 19-86, 
sketch 14. This results in much lowered efficiency of 
the vibrator. The differential peak which reliably indi- 
cates this condition is located at the right-hand end of 
the horizontal lines of the waveform. This is the 
"break" contact point of the cycle. Normal differential 
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peaks are shown in the sketches of Fig. 19-84 and also 
at points B in Fig. 19-85. 

In Fig. 19-86, sketch 15, insufficient differential be- 
tween the primary and respective secondary contact 
spacing is shown. This condition is objectionable in 
that it causes arcing, sparking, and burning of contacts. 
t causes the primary contacts to open the circuit while. 
yet carrying heavy current. When an adequate differ- 
ential is obtained, the secondary contacts remove the 
electrical load just before the opening of the primary 
contacts. Also, the secondary contacts do not apply the 
electrical load until after the primary contacts have 
closed on the opposite half-cycle. 

Insufficient differential or no lag at all also causes 
bad timing, erratic waveform, and transient voltage 
peaks. An example of insufficient differential is shown 
on the No. 1 half of Fig. 19-86, sketch 15. The No. 2 
half of the same sketch shows no lag or reverse differ- 
ential where actually the No. 4 secondary contacts are 
leading the No. 2 primary contacts. 

In Fig. 19-86, sketch 16, defective contacting, as 
indicated by irregularities on the horizontal portion of 
the waveform, is shown; the cause is probably oxida- + 
tion of the contact material, or possibly improper 
machining of the contacts so that irregular surfaces 
or poorly matched surfaces are obtained. The surfaces 
may not be making contact evenly over a sizable por- 
tion of the available area, but only at a burned point or 
a segment of the rim. This defect also is sometimes 
caused by abnormal chatter or bouncing of side 
contacts. 

The irregularities illustrated on the horizontal lines. 
of sketch 16 are definitely an indication of existing ab- 
normal high resistance at power contacts. In sketch 17, 
excessive unbalance, one vertical opening longer than 
the other, is illustrated. This defect of adjustment 
means that one side or half of the vibrator is carrying 
more than its share of the load or that the current is 
not evenly divided on each half-cycle. The contacts 
may be spaced statically equal, to the eye, while not in 
‘operation, and yet be considerably unbalanced dynami- 
cally when in operation. (This condition exists when 
the amplitude of reed swing is faulty or provides 
greater duration of contacting time on one side than on 
the opposite side.) Correct adjustment of the contact 
spacing makes allowance for this condition and pro- 
duces equal contact closure time on each side. This 
condition is illustrated in sketch 17, Fig. 19-86. 

In Fig. 19-86, sketch 18, a bad retrace with exces- 
sive peaks condition is illustrated. The upper, or No. 1 
contact, half of the waveform shows excessive peaks 
‘caused by insufficient differential, imperfect matching 


of contact surfaces, or too close spacing. The lower, or 
No. 2 contact, half shows a bad retrace, sometimes 
caused by an erratic, unsteady swing or reed, or a 
varying amplitude of reed swing. This is sometimes 
caused by dirty or pitted driving-coil contacts, an inter- 
mittently shorted driving coil, or excessive chatter of 
side contact plates. 


Nonsynchronous Vibrator 

The preceding discussion dealt with the synchronous 
vibrator. In general, the same principles of operation 
and analysis apply to the nonsynchronous vibrator 
which is operated in conjunction with a rectifier tube 
and filter system. However, the nonsynchronous type 
has no secondary contacts to adjust and has, therefore, 
no contact differential or lag. This fact indicates the 
waveform changes only slightly at the ends of the hori- 
zontal lines, The differential peaks ("dog ears”) which 
are prominent on a synchronous waveform, as illus- 
trated in Fig, 19-84, are missing in Fig. 19-87, Thi 
illustration shows four different adjustments of a non- 
synchronous vibrator. 

Fig. 19-87, sketch E, illustrates the effect of com- 
paratively wide contact spacing — approximately 36 
per cent contact closure time. This spacing is used on 
vibrators having high-voltage or high-power applica- 
tions, (Note the very small openings in the vertical 
lines.) 

Fig. 19-87F illustrates the waveform of contacts ad- 
justed somewhat closer than those in Fig. 19-87E, 
approximately 40 per cent closure time. (Note that 
higher contact closure time of this adjustment produces 
less slope to vertical lines than that shown in Fig. 
19-87E.) Fig. 19-87G illustrates closely spaced con- 
tacts to give a closure time of 43 per cent. Fig. 19-87H 
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Fig. 19-88—Oxcillograms of normal operation of the two 
vibrator types, placed side by side for comparison. 


shows the effect of very close spacing, with 46 per cent 
closure. Note that the horizontal lines are longer, and 
vertical lines are nearly straight up and down. Fig. 
19-88 shows oscillograms of normal operation of the 
two vibrator types, placed side by side for comparison, 


Checking Signal Generators 


‘The cathode-ray oscilloscope is very useful for 
checking the waveforms of signals from the lowest 
audio frequencies up to radio frequencies as high as 
10 Me. In general, however, its principal use is for 
checking waveforms in the audio range and at moder- 
ately high radio frequencies. 

The use of the oscilloscope in television work will 
be covered in the television section of this book. The 
other practical uses of the instrument will be covered 
in this section. The usual application of the oscillo- 
scope in audio work involves connecting the instru- 
ment at the output of an amplifier system, as shown in 
Fig. 19-89, The dummy load resistance is usually very 
small in comparison with the input impedance of the 
oscilloscope, so that loading of the circuit under test is 
negligible. To check distortion, it is assumed that the 
waveform of the output signal provided by the gener- 
ator is a sine wave or a square wave, as the case may 
be. Actually, this assumption can not always be made 
with safety. 


SIGNAL. 


GENERATOR 





Fig. 19-89.— Test setup for observation of signal generator 
output. 


While modern generator design has improved to the 
point where a sine-wave output is the standard, it is 
‘good practice to check the generator by connecting the 
oscilloscope across its output, preferably with the gen- 
erator connected to the amplifier input. The waveform 
is then noted. If the waveform at the output is different, 
distortion has been introduced by the intervening 
amplifier. 

As the frequency of the generator is made higher and 
higher, it becomes an r-f generator. Usually, the aver- 
age commercial oscilloscope will have an upper fre- 
quency limit no higher than 0.1 Me to 1.0 Me. Some 
laboratory-type oscilloscopes may have a top limit as 
high as 5 to 10 Mc, so that the utility of the oscillo- 
scope, as an indicating instrument, is usually limited 
to low frequencies in the audio range and to a-m broad- 
cast radio frequencies. 





Radio-Frequency Tests 

‘The usual procedure in checking an r-f generator is 
to employ a special wideband amplifier or laboratory 
oscilloscope. Few servicemen, however, have the desire 


* or need to check apparatus in that way ; they depend, 


instead, upon the manufacturer of the test equipment 
to do the job and design the signal generator properly. 
Therefore, in this discussion, we are going to limit our- 
selves to audio work. The output of an f-m or tele- 
vision generator can be checked easily, if the service- 
man is interested, by feeding the signal into a reason- 
ably good f-m or video detector in the conventional 
manner. Such generators, however, if new, may usually 
be depended upon to provide proper waveforms, par- 
ticularly when they bear the name of a reliable manu- 
facturer. When there is some doubt about the gener- 
ator's characteristics, or if the equipment possibly has 
been damaged and it is found desirable to check it, a 
standard f-m or television set in good condition may be 
used with the generator for waveform analysis. 

F-mand television alignment is covered ina separate. 
section of this book and information on these subjeots 
is also given elsewhere in Rider publications*:* How- 
ever, in the course of our investigations, some appro- 
priate material of interest has been developed and will 
be shown here. 

Fig. 19-89 shows the basic circuit, whether af. or 
rf, is involved, Usually, the r-f generator output is one 
‘volt or less and may be measured in microvolts or milli- 
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volts. If its output is too high, it may seriously over- 
load the receiver. Yet, if the output is low, no indication 
will be obtained on the oscilloscope. Therefore, the 
oscilloscope is not very useful as an r-f signal tracer 
d test instrument unless a special r-f probe is used 
in conjunction with it (except in transmitter circuits 
when the rf gain required is zero and direct connec- 
tions to the vertical deflection can be made). 





In the audio range, the signal voltage may also be, 


high, except at the input to a high-gain audio amplifier 
or at a low-level voltage amplifier stage in such an am- 
plifier. In checking equipment where the voltages are 
low and the circuit impedances are high, it is better, as 
a general principle, to use loose coupling between the 
generator stage by stage, leaving the oscilloscope con- 
nected to the output circuit of the equipment, than to 
move the oscilloscope input about the equipment cir- 
cuits in the manner of a signal tracer. 

In checking an r-f generator, the test circuit of Fig. 
19-89 may be used. The r-f output, at 1,000 ke or 
lower, is fed into the vertical amplifier input of the 
‘oscilloscope. Short, direct connections are best. It may 
be necessary to turn the vertical gain control of the 
‘oscilloscope all the way up and to use the maximum 
output of the generator to get a trace on the screen. If 
the generator is the standard a-m type modulated at 
30 per cent with a 400-cps audio note, the sweep of the 
oscilloscope may be set at 200 eps for a two-cycle pat- 
tern. Internal synchronizing may be used. However, a 
portion of the modulating voltage may be picked off 
with a suitable potentiometer, connected through a 
0.1-mf capacitor to the modulator, and be fed to the ex- 
ternal "sync" input of the oscilloscope. Using a labora- 
tory-type generator with a variable percentage of audio 
modulation, the crests and valleys in the modulated 
wave envelope can easily be seen as the technician ad- 
justs the percentage of modulation. In some experi- 
‘mental tests, a number of patterns were obtained. Fig. 
19-90A shows the pattern resulting from the applica- 
tion of a 100-kc unmodulated r-f carrier to the circuit. 
Note the streaks in the pattern, Each of these streaks 
indicates a kink in the waveform of the signal and de- 
notes that the wave is not pure and contains harmonics, 
This is shown in Fig. 19-90B where several cycles of 
this 100-ke carrier voltage are spread by the sweep in 
the oscilloscope. Note the departure of this carrier 
voltage waveform from the ideal sine wave. 

Fig. 19-90C shows the pattern for an unmodulated 
rf carrier of 100 kc, but which is quite free of har- 
monics. Note the absence of streaks in the pattern. A 
few cycles of this voltage are shown in Fig. 19-90D. 
This method of judging the character of an unmodu- 











Fig. 19-90.—(A) Block pattern of nonsinusoidal wave; 
(B) showy a few coca of (A); (E) block pattern of sine 
wave; (D) shows a few cycles o (С 


lated carrier, within its limitations, is fast and accurate, 
but not necessarily quantitative with respect to the ex- 
act amount of distortion present in the voltage wave. 

In connection with modulated wave patterns, it 
should be realized that there is a tendency for the wave- 
form to change with frequency, since the percentage of 
modulation cannot be held constant. However, in mod- 
ern well-designed generators, the effect is minimized. 

Another factor to bear in mind is that the waveform 
of the modulating signal of the generator may not be 
identical with the waveform of the output voltage of 
the second detector in a receiver. The reasons are that 
a certain amount of nonlinearity and distortion may 
be present in both the modulator and demodulator 
circuits. 

In Fig. 19-91A, the wave envelope of the modulated 
output of a good commercial signal generator, such as 





Fig. 19.91. Signal gener- 
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that used by servicemen, is shown. The audio output 
of the instrument, illustrated in Fig. 19-91B and Fig. 
19-91C, shows the audio demodulated signal. The 
audio waveforms are reasonably alike, differing prin- 
cipally in amplitude. Since taking these oscillograms, 
further developments in generator and receiver design 
have made it difficult to discern any great difference in 
the audio patterns. Fig. 19-92A shows the wave en- 
velope of the modulated output of a commercial signal 
generator ; Fig. 19-92B, the a-f output of the instru- 
ment, and Fig. 19-92C the demodulated (audio) sig- 
nal, The signal generator, in this case, is either im- 
properly adjusted or of poor quality. 


Distortion resulting from the use of a poorly de- 
signed or defective generator is illustrated in Fig. 
19-93. At (A), the wave envelope of the modulated 
output of the generator is shown. At (B), the audio 
output of the instrument is indicated, and at (C), the 
demodulated waveform is depicted. It is badly dis- 
torted, containing many harmonics, and approaches a 









Fig. 19-92. — Anotner ex: 
ample of signal generator 
waveforms: (A) modulated 
7 (B) audio modulating 
mal; (C) demodulated sig- 
Tal. These patterns show that 
the generator design is bad 
or that the instrument is mal- 
functioning due to a defect. 











square wave in character. A poor receiver may give 
similar distortion, even if the signal generator is work- 
ing perfectly. 





Fig. 19-93.— Distortion re- 
sulting from the use of a 





; (B) audio modu- 
Bing nigral; (C) demod 
lated signal. 





Oscillograms of another commercial oscillator are 
shown in Fig. 19-94, The audio wave is shown at (A), 
the 260-ke modulated wave at (B), and the demodu- 
lated wave at (C). 





Fig. 19-94, — Results of 
tests on another signal gener- 
ator- (A) audio signi (B) 
modulated r-1 wave; (G) de- 
modulated signal 


Fig. 19-95 shows the output of a signal generator at 
600 kc. Changing the oscillator frequency results in a 
change in waveform. Fortunately, more modern in- 
struments, developed since the taking of the oscillo- 
grams, have superior waveform characteristics 





Fig. 19.95.—Waveforms of an inferior quality or poorly 
adjusted signal generator, different frequencies: (A) audio 
modulating signal for all; (B), (C) modulated and demodu- 
Hed wave, respectively lor a carier of 20 ke; (DJ, (E) 
same as (B), (C), except frequency is 600 ke; (F), 
same as (B), (C), but 1000 kc; (H), (D, same as ( 
(C) bat 1700 kc. 


Some of the old style generators still in-use can be 
modified for improved waveform by a radio expert 
having the necessary technical background. Modern 
instruments are well designed and should not be tam- 
pered with. Fig. 19-96 shows, at (A), (B), and (C), 
three oscillograms obtained from an audio oscillator in 
which regeneration was excessive and the L/€ ratio 
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ig. 19-96—Audio oscillator oscillograms: (A), (B). 
(G); "how efects of excesive regeneration and high УС 
rao. (D) shows improvement when regeneration 
Tatio are reduced to proper values. 


was very high. Reduction of the L/C ratio and regen- 
eration resulted in the development of the sine wave 
in Fig. 19-96D, 

An added example of the application of the oscillo- 
scope as a tool which may be used for circuit improve- 
ment is illustrated by Fig. 19-97, At (A) is shown the 
pattern upon the screen when a distorted 90-ke un- 
modulated carrier is observed, with the linear sweep 
set to a very low frequency so that a block pattern re- 
sults, It is possible to discern distortion by observation 
of the pattern. If it is solid, without any of the streaks 
of greater intensity, such as appear in Fig. 19-97A, the 
waveform usually is a sine wave or a close approach 
to it. The presence of streaks indicates distortion. The 





wave shown in Fig. 19-97A, when synchronized with 
the linear sweep of the oscilloscope so that a few cycles 
of the carrier appear on the screen, is shown in Fig. 
19-978. 

Corrective remedirs applied to the oscillator in the 
form of a load placed upon the tickler winding, so that 
the amount of feedback in the circuit is reduced, are 
shown at (C) and (D). (C) shows that the distortion 
has been removed from the carrier, because the streaks 
have disappeared. (D) shows the corresponding car- 
rier wave, which has little of the distortion exhibited 
а (В). 

Later on, in succeeding chapters, audio- and radio- 
frequency tests, using various types of generators and 
oscilloscopic methods, will be discussed; but at this 
time we may find it expedient, as well as interesting, to 
examine some of the industrial applications of the 
cathode-ray tube and the oscilloscope. 


ENGINEERING AND SCIENTIFIC APPLICATIONS 
OF THE CATHODE-RAY OSCILLOSCOPE 


The cathode-ray oscilloscope lends itself admirably 
»a variety of industrial and scientific applications. 


Hydraulic Tests 


Fundamentally, the cathode-ray oscilloscope is a 
voltage-actuated device. To interpret variations in uid 
pressure, in oil or water, for example, a special device 
to change fluid pressure into electrical voltage is nec- 
essary. This device is called a “pickup.” The basic rela- 
tionship is shown in Fig. 19-98. The fluid pressure 
variations, which may be periodic or transient, slow 
or rapid, are converted into electrical pressures (volt- 
ages) that can be applied to the vertical input 
of the oscilloscope. 








PRESSURE, 
CONVERTER 


vtae 









Fig. 19-98 —Use of 
foscope in hydraulic 
tests. 





(1 + 
FLUID IN PIPE OF 
HYDRAULIC SYSTEM 


One form of pickup, used by the Aeroquip Corpora- 
tion, depends upon a variable resistance principle, This 
variable is one arm of a bridge circuit, normally at bal- 
ance, and connected in the input circuit of the oscillo- 
scope. An unbalance due to a resistance change causes 
the development of a potential which can be magnified 
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by the vertical amplifier of the oscilloscope to give a 
suitable indicating pattern on the face of the tube. The 
bridge is in the input circuit of the oscilloscope. 

The equipment is somewhat analogous to vibration 
apparatus in which a vibration pickup is used to con- 
vert mechanical vibrations into electrical voltages. The 
basic vibration test idea is shown in Fig. 19-99. The 
Pickup may use а piezoelectric crystal or an electro- 
mechanical arrangement similar to a dynamic micro- 
phone. The dynamic type is usually favored because of 
its comparative ruggedness. 





VIBRATING 
MACHINE 


Engine Pressure Analysis 

Vibration pickups of the magnetostriction type are 
used in engine analysis work. Fig. 19-100 shows a 
basic setup. The engine vibration pickup is inserted in 
the cylinder and develops an electrical voltage which 


PRESSURE TRANSDUCER 
INSERTED IN 
CYLINDER CHAMBER 





19100, — 
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is fed to the oscilloscope input circuit. A pictorial block 
diagram for apparatus made by the Sperry Gyroscope 
Company is shown in Fig. 19-101. It consists of an 
engine, junction box, three-phase generator, amplifier, 
indicator, condition selector switch, and cylinder cycle 
selector switch. A functional block diagram is shown 
in Fig. 19-102. The simplified circuit of the synchro- 
nizing voltage generator is given in Fig. 10-103." 
The following information is from the Sperry Gyro- 
‘scope Co. 

‘The two principal functions of the Sperry apparatus 
are the location and the identification of ignition faults 
and vibration defects. The oscilloscope or indicator unit 
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Fig. 19-101—Pictorial block diagram of the Sperry engine 
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Fig. 19-103.—Simplified circuit of the synchronizing voltage. 

gerat. 

of the engine analyzer is the equivalent of a special 
cathode-ray oscilloscope. It is designed to display pic- 

tures of voltage waveforms, to show selected details 
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‘of engine operation. The voltages to be displayed are 
taken from the primary circuit of the ignition system, 
the vibration pickups on the engine cylinder, or other 
voltage detectors, depending on the engine functions 
to be observed. 


Ignition Patterns 


A reference pattern is obtained for normal cylinder 
operation. A departure from it is an indication of en- 
gine malfunctioning. Particular patterns indicate defi- 
nite faults, permitting а speeding up of engine main- 
tenance. 

‘The ignition patterns shown here are presented by 
courtesy of the Sperry Gyroscope Company, and this 
technical information is based on material supplied by 
that company. The engine used for the tests was a 
Wright Cyclone 18, with no secondary capacitor in the 
magneto circuit. Although low-tension ignition sys- 
tems and systems containing a capacitor in the sec- 
ondary circuit produce patterns different from those 
shown here, the patterns are generally indicative of 
certain troubles, By running tests on other types of 
systems, which are known to be in normal working 
order, or to have definite defects, suitable reference 
patterns may be taken and photographed. Thus, there 
are no narrow limitations on the applicability of the 
electronic engine analyzer. 








Courtery Sperry Gyroscope Co. 


Fig. 19-104.—Normal ignition oscillogram, Sperry engine 
analyzer, (engine running, 1,700 rpm). 





Courier Sperry Grreespa Co. 
Fig. 19-105—Low-frequency ignition pattern, = 


The normal pattern is limited in length by the open- 
ing and closing of the magneto breaker points. A 
straight line or zero line, which connects consecutive 
patterns, is obtained during the period when the points 
are closed. This pattern is illustrated in Fig. 19-104, 
taken with an engine speed of 1,700 revolutions per 
minute. 

The low-frequency pattern is shown in Fig. 19-108, 
Because the voltage of the magneto alternates in polar- 
ity on consecutive firings, consecutive cylinders pro- 
duce patterns alternately above and below a zero ref- 
erence line. 

The shorted secondary pattern appears in Fig. 
19-106. Any short circuit or arc between the high- 
tension lead of the spark plug and ground produces a 
pattern easily distinguished from the normal. 

А small gap pattern is shown in Fig. 19-107. The 
short-circuit condition is produced by a plug gap 
smaller than normal, 





Courteey Sperry Gyroscope Co 
ig. 19-106.—Shorted secondary pattern. 





Courtery Sperry Gyroscope Co. 
Fig. 19-107—Small gap pattern. 


The effect of a fouled plug is illustrated in Fig. 
19-108. 

The effect of breaker point bounce is shown in Fig. 
19-109. A bouncing action of the breaker points, on 
closing contact, will produce a variety of pips which 
make their appearance after the normal finish of the 
ignition pattern. The number of pips corresponds to 
the number of times the points bounce on closing. 
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Couriery Sperry Gyroscope Co 
Fig. 19-108—Fouled plug pattern. 





Courtesy Sperry Gyroscope Ce 
Fig. 19-109.—Effect of breaker point bounce. 


The condition of a shorted primary capacitor results 
in a straight line trace, as shown in Fig. 19-110. 

A certain amount of noise is to be expected. This is 
shown by the engine noise pattern of Fig. 19-111. 

The effect of an improperly seated intake valve is 
shown in Fig. 19-112. 

The condition of no combustion is illustrated in 
Figs. 19-113 and 19-114. 





Couriers Sperry Gyroscope Co 
Fig. 19-110—Effect of shorted primary capacitor. 


Coursey Sperry Gyroscope Co. 
Fig. 19-111 Engine noise pattern. 





Courtesy Sperry Gyroscope Co 
Fig 19-112 Effect of an improperly seated intake valve, 





Courtery Sperry Gyroscope Co 
Fig. 19-113 —Lack of combustion 
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Coursery Sperry Gyroscope Co. 


Fig 19-114—Another pattern indicative of lack of combus- 
tion. 


Watch Timing 


The timing of a watch can be checked by comparison 
with a standard by use of a circuit arraagement such as 
that shown in Fig. 19-115. Microphone 4 picks up 
sound impulses from the standard and feeds them, as 
electrical impulses, through audio amplifier No. J. The 
output of the amplifier synchronizes the sawtooth 
sweep voltage applied to the horizontal-deflection 
Тама. Алу аза бегет а біз wil be indicated 
by drift of the pattern on the screen. 
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Fig. 19-115 —Circuit for use of oscilloscope in watch timing. 


Vector Voltage Indicator* 


This material is based on a magazine article by 
Sulzer. Using a cathode-ray oscilloscope, with auxil- 
ary equipment, it is feasible to show a complex quan- 
tity on the screen of a cathode-ray tube. Readings may 
be taken in polar ог rectangular co-ordinates 

. Fig. 19-116 is a block diagram of the system. The 
frequency range is 50 to 5,000 eps. The full-scale sensi- 
tivity is variable from 1 volt to 500 volts rms, with a 
phase accuracy of +3° and an amplitude accuracy of 
10 per cent of full scale. 




















= PE 


Fig. 19-116.— Block diagram of vector voltage indicator. 


If the voltage to be measured is applied to the verti- 
cal-defection circuit of an oscilloscope, a vertical 
straight line will be obtained. If the phase of a portion 
of that voltage is shifted 90° and applied to the hori- 
zontal-deflection circuit, a circular trace will be ob- 
tained with the proper gain adjustment. 

It is apparent that the diameter of the circle will be 
proportional to the amplitude of the test voltage and 
can be used to indicate its magnitude. It is also ap- 
parent that the velocity of the spot tracing the circle 


Sulser, P. G., “Vector voltage indicator,” Electronics, vol. 
app i йш, Ө. 











will be constant, with the result that a linear phase 
scale will be obtained around the circle. 

The position of zero phase angle on the circle must. 
be established with the aid of some other voltage, here 
called the reference voltage. In practice, the reference 
voltage might be the input to a circuit under test, while 
the output voltage of the circuit would constitute the 
test voltage. The reference voltage is clipped and dif- 
ferentiated so that a pulse is obtained at its zero-de- 
ree position. With the circle blanked by means of the 
intensity control, the pulse is used to brighten the trace 
for a very short time. Therefore, the pattern consists 
of a single dot which denotes the tip of a vector drawn 
from the origin, which is placed at the center of the 
screen. If a polar co-ordinate scale is drawn on the 
screen, the length of this vector indicates the magni- 
tude of the test voltage, while its angular position from 
the origin is the phase angle of the test voltage with 
respect to the reference voltage. Two phase-shifting 
networks are used, known as the alpha and beta net- 
works, to produce the 90° phase shift required, 

Four patterns obtained with the vector voltage indi- 
cator are shown in Fig, 19-117, The curves illustrate 
the action of the electron beam dot on the cathode-ray- 
tube screen as itis swept through its locus by changing 
one oí the circuit parameters. 





Сонна lactones 
Fig. 19-117—Patterns obtained with vector voltage indica- 
tor. 
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‘Tremamission-Line Measurements’ 


The study of transmission-line phenomena is facili 
tated by the use of the cathode-ray oscilloscope. It 
enables the user to see electrical transmission-line con- 
ditions and, in contrast with previous methods, allows 
permanent records to be made by photographic means. 

The oscilloscope features which apply specifically to 
transmission-line studies are the internal trigger pulse 
generator, driven sweep, and beam modulation ampli- 
fier. The internal trigger pulse generator furnishes an 
output signal of either positive or negative polarity, 
consisting of one-half microsecond pulses of approxi- 
mately 100 volts peak amplitude, the repetition rate 
being variable between 200 and 3,000 pulses per sec- 
ond. This pulse serves as an indicator of the transmis- 
sion-hne properties. 

A clear picture of transmission-line characteristics 
is made possible by using an oscilloscope having a self- 
contained, driven sweep. The sweep operates so that 
repeated pulses fall on top of each other, leaving a sec- 
tion of the sweep clear for the presentation of re- 
flections. 

‘The beam modulation amplifier provides a means of 
impressing the time demarcations on the pattern for 
quantitative or calibration purposes. This amplifier is 
used in conjunction with an external signal or with the 
internal timing oscillator. The signal is applied through 
the amplifier to the grid of the modulating electrode of 
the cathode-ray tube, and can be made to blank out the 
beam, resulting in accurate markers along the trace 
under observation. The timing oscillator provides 
marker signals at intervals of 1, 10, or 100 microsec- 
onds, and is keyed by the driven sweep circuit. 





Method Used 


To utilize the oscilloscope in transmission-line 
studies, the negative trigger output of a Du Mont Type 
248 oscilloscope, or equivalent, is used to synchronize 
the oscilloscope's driven sweep and also to supply the 
pulse to be observed. The negative trigger output is 
used so that a large pulse will merely cut off the first 
amplifier stage, and not drive the grid positive. As the 
pulse is fed to the transmission line at the vertical 
amplifier input terminal, and there is no external send- 
ing-end termination, the Y-axis amplifier input im- 
pedance is the sending-end terminating impedance. 
Ru, the receiving-end terminating impedance, is se- 
lected so that the characteristic impedance of the 
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transmission line is within its range. Fig. 19-118 is a 
photograph of the pattern produced when the receiv- 
ing-end impedance is equal to the characteristic im. 


pedance. It is apparent that only the original pulse is 
visible, since no reflections have taken place, 





Courtesy Du Mont Labs 


Fig. 19-118—Test pattern obtained in transmission-line 
measurements when the line is matched, 





In order to determine the unknown characteristic 
impedance Zo of any transmission line, it is merely 
necessary to connect the line and vary the receiving- 
‘end impedance until a pattern identical to Fig, 19-118 
is obtained. This adjustment is critical, any 
slight variation from the characteristic impedance will 
produce a reflected pulse which will be visible on the 


oscilloscope screen. 











Courtesy Ds Mont Labs 
19-119.—Pattern resulting when the terminating im- 
mo equal to the ristic impedance and 


Figs. 19-119 and 19-120 illustrate patterns which 
result when the terminating impedance is not equal to 
the characteristic impedance. In the case of Fig. 
19-119, Rs is greater than Zo. In Fig. 19-120, Zo is 
greater than Rp. In both cases, the terminating im- 
pedance at the sending end is the oscilloscope Y-axis 
amplifier input impedance, in parallel with the pulse 
generator output impedance. 
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Fig. 19-121.—Dynamic balancing setup. 


‘The characteristic impedance of the line is approxi- 
mately 50 ohms, making the sending-end impedance 
much larger than the characteristic impedance. It is 
noted that the second pulse on both photographs is 
almost twice the amplitude of the first. This is a result 
of the terminating impedance at the sending end being 
much greater than the characteristic impedance. 

With the patterns shown in Figs. 19-119and 19-120, 
most of the important properties of transmission lines 
‘can be determined readily. Utilizing the beam modula- 
tion feature of the oscilloscope (Du Mont 248 or equiv- 
alent), we can impress a time scale on the pattern. The 
transmission time along the line may be determined by 
measuring the distance between the centers of the first 
and second pulses. measurement is made by 
‘counting the time markers between the two points, 

Once the transmission time is known, the velocity of 





propagation can be calculated since 
TT 1 
sap 

where V is the velocity of propagation, L is the length 





of the line, and T is the transmission time along the 
line (one way). 

In addition to determining the presence of a dis- 
continuity on a transmission line, we can now locate it. 
Any such discontinuity along a line will create a re- 
flection which will appear as a foreign pulse on the 
oscilloscope. The transmission time to the discontinuity 
may be determined as explained previously ; and so, 
with the velocity.of propagation known, we can solve 
for L, the distance to the discontinuity. We can also 
forecast the type of fault by observing the polarity of 
the reflection. 

The oscilloscope is also very useful in the continu- 
ous monitoring of transmission lines to detect and 
locate faults immediately after their occurrence. A 
photograph of the normal pulse conditions on a par- 
ticular line may be taken and any new discontinuity 
can readily be detected by placing the negative of the 
‘photograph over the oscilloscope screen. 
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Vibration in a rotating machine is frequently due, in 
large measure, to unbalance of the rotating part. Vari- 
‘ous equipment has been designed to analyze this vibra- 
tion for the purpose of locating the unbalance in order 
to correct it. The cathode-ray oscilloscope may be used 
in smaller shops where the correct balancing of high- 
speed motors and other machines is desired, 

‘Two accessories are necessary. The first of these is 
a directional vibration pickup. Also, an arrangement is 
required to synchronize the oscilloscope sweep circuit 
with sume known point on the rotating part. Perhaps 
the simplest scheme is a mechanical contact driven by 
the machine and so connected with a dry cell as to sup- 
ply an impulse to the synchronizing terminal on the 
oscilloscope. This method may be used successfully but 
a photoelectric system is better, using a flicker-free 
light source, a narrow mirror taped to the moving part, 
a photoelectric cell, and an amplifier. This equipment 
is shown in Fig. 19-121. 

With the machine under test and in motion, the os- 
cilloscope sweep circuit is adjusted to the correct fre- 
quency and is under the control of the synchronizing 
circuit. The oscilloscope pattern represents one full 
revolution of ihe rotating parts. 1f the vibration pickup 
is now mounted on the frame of the machine and con- 
nected to the vertical amplifier input circuit, the re- 
sultant pattern shows the relationship between the 
vibration at the point of mounting, in the direction of 
the axis of the pickup, and the position of the rotating 
part. This information will indicate the position of an 
overweight in the moving part. 

While the use of the present equipment has been 
used in the balancing of electric motors, the procedure 
is equally applicable to other rotating machinery. The 
convenience and reliability of the method is increased 
if the drive is reversible. 


“Grane, Ws 
ing! De Meat 
Joe. 194 Toe Ium 


ora une for m 
bS ep бааар 
ia based upon this 





702 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


Vibration 

Vibration in a machine may be caused by: a simple 
unbalance in the rotating part; dynamic unbalance in 
the rotating part ; extraneous causes, such as neighbor- 
ing machinery, gear or belt disturbances, etc. ; internal 
causes, such as bearing trouble, wind forces, magnetic. 
forces, etc. 


Dynamic Unbalance 

‘An exaggerated example of dynamic unbalance is 
shown in Fig. 19-122, The shaít carries two weights, 
each of which is mounted off balance, but they balance 
each other when at rest. However, when the shaft 





Fig. 19-1221 ted 
ig 19-122 Exagerat 
ance. 
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rotates, the centrifugal forces of the two weights tend 
to give the shaft a weaving motion. Fig. 19-123 shows 
two diagrams of a rotor in which a dynamic unbalance 
exists. The diagram represents conditions of motion 
when the unbalance couple is effective and shows two 
positions of a rotor differing by half a turn. As the fig- 
tures indicate, the rotor has a tendency to rotary vibra- 
tion in any plane which contains the axis of the shaft. 
Consequently, in testing for dynamic unbalance, the 
pickup is mounted with its axis perpendicular to a line 
through the center of gravity of the moving part and 
ina plane also containing the axis of the shaft. 

‘Thus, the only difference in the detection of simple 
unbalance and of dynamic unbalance is a difference in 
the mounting of the pickup, which may be obtained by 
pivoting the pickup through 90° at a suitable bolted 
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Conrtery Du Mont Late. 
T. 19-123. Two diagrams of» rotor in which a dynamic 


. It will be noted that the pickup, when mounted 
to detect one type of unbalance, will not be sensitive to 
the other. 

With the equipment in operation, the screen pattern 
will probably show a single pronounced wave in the 
general form of a sine wave, but distorted by various 
higher frequencies, The single wave is the only one to 
be used and judgment must be used to visualize its 
simplified form, 





Production Testing of Ignition Coils’ 


For production testing of ignition coils, the cathode- 
ray oscilloscope offers many advantages over earlier 
methods. Fig. 19-124 shows the oscilloscope arrange- 
ment for checking the output voltage of the coil in fac- 
tory production testing. There is no actual spark dis- 
charge produced by the secondary. The output of the 
coil is readily clipped into the circuit, and the polarity 
and the peak voltage are quickly read from a calibrated 
scale, mounted over the face of the cathode-ray tube, 
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Fig. 19-125 shows a typical, damped secondary 
waveform obtained from an ignition coil by this meth- 
ой If a spark gap is connected in parallel with the coil, 
the oscilloscope may be employed to indicate the volt- 
age necessary to jump the gap. Also, when no safety 
gap is provided, this same connection may be used to 
serve as a maximum insulation test for the coil. 
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Courtery Du Mont Labe. 
` Toben, G “Production test of ignition coils with the cath- 
Oscilographer, vol. 3, 9: 1-4, 
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When an accurate waveshape plot is desired, it 
is necessary to use a resistance-capacitance compen- 
sated voltage divider and to deflect the cathode-ray 
tube directly as shown in Fig. 19-126. This type of 
voltage divider eliminates the errors due to stray cir- 
cuit capacitances and it attenuates the high-frequency 
‘components of the signal in equal proportion for indi- 
cation on the cathode-ray tube. 








A-TO OSCILLOGRAPH POSITION CIRCUITS 
B-TO VERTICAL DEFLECTING PLATE 


Courtesy Dn Mont Labs. 

Fig, 19-126, — Resistance-capacitance coupled voltage-di- 
vider circuit. 

In Fig. 19-127, the primary current may be seen to 
increase logarithmically from the “make” at point a 
to the saturation point b. The break occurs at point c 
and the oscillatory discharge is indicated from ¢ to d. 

By adjustment of the horizontal gain control, which 
determines the amplitude of the sweep-circuit deflec- 
tion, the baseline may be adjusted until it covers ex- 
actly 36 divisions on the calibrated scale over the face 
of the tube. This method of operation then permits 
direct readings of cam angle, 10° per division, indicat. 
ing the time during which the breaker points 
closed, the time of saturation, and the timing of the i 
‘ternal combustion engine. 














Courtesy Du Ment Labs. 
Fig. 19-127 —Graph of primary current. 


Although the sweep-frequency control markings do 
not amount to a frequency calibration of this circuit, 
they will give a fairly accurate indication of the engine 
speed. Weak spring tension or resilience in the contact 
support arms is indicated by a flutter when closing, as 
indicated at point a, Fig. 19-127. 

At low engine speeds. the primary current will reach 
saturation, as shown at b in Fig. 19127. At higher en- 
gine speeds, the break may occur previous to saturation 
‘and poor ignition will result. The oscillatory discharge 
shown from c to d in Fig. 19-127 assumes the form 
shown in Fig. 19-128 when there is a defective capac- 
itor connected across the breaker points. 


Ev. 


TIME 


Courtesy Du Mont Laba, 
Fig. 19-128—Graph of oscillatory discharge when there is a 
defective capacitor connected across the breaker points. 


Engineering Tests oí Ignition Colla'^ 


‘The preceding paragraphs have covered the use of 
the oscilloscope in the production testing of ignition 
coils. The instrument may be used to advantage in the 
determination of coil characteristics, 
In many studies of ignition coils, i 
determine the turns ratio of a given coil. This may be 
conveniently done with the oscilloscope, using the con- 
nections shown in Fig. 19-129. The resistance divider, 
connected across the secondary of the ignition coil in 
this figure, has a voltage division very closely equal to 
| t potential of approximately 1 volt, 
rms, at power-supply frequency, is applied to the pri- 
mary of the ignition coil. The switch is thrown to posi- 
tion B and the deflection, on the oscilloscope, will then 
correspond to 1/2000 of the output voltage. The gain 
control of the oscilloscope should be adjusted for a 
convenient signal deflection ¥7/ about % of full screen, 
and the total deflection should be measured on the cali- 
brated scale of the instrument, The switch should then 
be thrown to position A, and the total deflection should 
be recorded without disturbing the setting of the oscil- 
loscope gain control. 














Posie ikea in? Du 
Mont Oxcillographer, vols. 3 and 1, pp. 1-4, February-March, 
и 
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Courtesy Du Mont Labs 
, Fig. 19-129.—Cireuit for determination of turns ratio of 
ignitlon-coil transformer 
When NI indicates the number of primary turns, 
N2 the number of secondary turns, and the turns ratio 
is designated by N1/N2, the turns ratio may be calcu- 
lated from 
NO Yl 
"N27 2000 Y? 
The figure 2000 is obtained from the attenuation 
ratio of the voltage divider, and should be changed 
accordingly for different attenuation ratios. 


Cathode-Ray-Oscllloscope Stopwatch!* 


The oscilloscope, with no auxiliary equipment other 
than an ordinary still camera and a few inexpensive 
circuit components, may be used readily to measure 
time intervals of short duration with an accuracy well 
under 0.1 millisecond. 

In the design, adjustment, or testing of signaling 
systems, it is frequently essential to be able to measure 
the speed with which certain relays, switches, or other 
devices operate. Most relays and snap switches, except- 
ing those embodying some special sort of retard fea- 
ture, function within the range of about 2 to 15 milli- 
seconds. 





Courtesy Du Mont Labs. 
Fig. 19-130—Phase-splitting circuit for development of cir- 
cular pattern. 


11Brailsford, H. D., “CRO 


," Du Mont Oscillog- 
rapher, vol. 4, pp. i-4, June-July, 1 ad 


Method 


The method to be described is based upon the prin- 
ciple that if two sine voltages of identical frequency 
and amplitude but having a phase difference of 90° are 
applied, one to the vertical and one to the horizontal 
deflection plates of a cathode-ray tube, the resultant 
spot motion will be a theoretically perfect circle, will 
have a uniform rate of rotation, and will make one 
complete revolution for each cycle of the deflection 
voltages. Such a circular pattern may be developed by 
the phase-splitting circuit shown in Fig. 19-130. The 
resistance R must equal the reactance of C at the fre- 
quency employed. 

Suppose we now insert a switch S, as shown in Fig. 
19-131, into the circuit. So long as the switch Sis open, 
both the deflection voltages are applied to the deflec- 
tion plates, and the spot travels its circular path, When 
switch 5 is closed, the voltage drop across the resistor 
is eliminated, so that there is no vertical deflection, and 
the spot oscillates to and fro, in a horizontal path, 
under the driving force of the voltage across the 
capacitor C. 





Courtesy Ds Mont Labs. 


19-13L—Introduction of switch to preceding circuit 
ts in this circuit 





Transit Time Measurements. 


Suppose now it is desired to measure the transit time 
of a relay. The relay contacts are connected in place 
of the switch S as shown in Fig. 19-132. A still camera, 
which may be of any convenient type, having a reason- 
ably fast lens, is focused upon the screen of the 
ray tube. With the relay at rest, a straight line appears 
оп ће screen, When the relay operates and its contacts 
separate, the spot jumps from this “base” line and 
starts to travel in a circle, When the relay transit is 
completed and the contacts again close, the spot jumps 
back to the baseline. The pattern, as thus photo- 
graphed, will consist of a straight line and an arc, 
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which may or may not meet the straight line, depend- 
ing upon the time in the cycle when the operation. 
occurred. 


ғов Е«60 т: 80,000 ноты? 


Courtesy Du Mont Labs. 


lfi Relay cala connected lo place of switch S 
fe. 19-131, = 


In making the exposure, care should be taken to 
open the shutter immediately before operation of the 
relay and to close it immediately after. If this is not 
done, an over-exposure is likely to fog the film, due to 
the brilliance of the horizontal line, which is on the 
screen continuously except for the interval during 
which the contacts ofthe relay are actually separated. 

‘The described method is not limited to the testing 
of relays and switches, but may be applied also to the 
investigation of moving machinery parts if the con- 
struction is such that the auxiliary electrical contacts 
can be fitted. The circular pattern may also be used to 
check the timing of a camera shutter. A short-per- 
sistence screen is necessary for this purpose, to prevent 
introduction of errors in measurement due to the 
terglow" of the screen material, and the procedure 
is simply to make a snapshot of the circular pattern. 
The photograph will show an arc of a circle ofa length 
corresponding to the time during which the shutter 
wai open. 








Single-Sweep Stop Watch’? 


In essence, the operation of this equipment is as 
follows : The first of two events whose time separation 
is desired is used to trip the single-sweep circuit of an 
oscilloscope. A 60-cps signal, obtained from the power 
line and applied to the vertical-deflection circuit of the 
instrument, is used to provide a time standard. The 
second event is used to cause a potential difference of 
several volts to be impressed instantaneously on the 
vertical-deflection circuit, thus abruptly terminating 
the trace by deflecting it off the screen. The vertical 
length of the signal retained on the screen is then used 
asa measure of the time lapse between the two events. 


PEN arg r 


Special Impedance Method!* 

An experimental study at ultra-high frequencies of 
the input impedance as a function of frequency for any 
given circuit element requires measurements of the 
‘complex impedance at a number of different frequen- 
cies over a prescribed frequency range. The oscillo- 
scope offers a convenient and rapid method of present- 
ing the data directly, in the desired form, without. 
computation. The principal advantage of this method 
is one of speed. It is possible to observe the variations 
in the input impedance of devices under transient 
conditions. 


Circuit 


‘The block diagram of the simple four-probe method 
of obtaining test information is shown in Fig. 19-133. 
Four probes are used to sample the waves existing in 
the transmission line, which may be either a waveguide 
ог a coaxial line, These probes are in pairs, the two 
probes of each pair being spaced along the line by a 
quarter wavelength, while the two sets are staggered 
by an eighth wavelength. 





Conrtaty Proc. LR, 
Eit 18133 Block diagram of simple four-probe method 
ig. эр simple four-probe 


‘The output irom each probe goes directly toa crystal 
detector. The two crystals of one pair of probes are 
balanced, the difference in their outputs being im- 
pressed on one pair of deflection vanes in the oscillo- 
scope. The difference in the outputs from the second 
pair is impressed in a like manner on the other pair of 
deflection vanes in the oscilloscope. If, then, the input 
to the transmission line is varied in frequency but not 
in amplitude, and if the crystals follow a square law, 
the oscilloscope spot will trace a path representing the 
desired curve on the reflection-coefficient plane. The 
center of the reflection-coefficient plane is located by 
interrupting the output of the driving oscillator at the 
end of each frequency excursion. 


Samael, A. L, An oscillographic method 
i refiection-coeficient 


of presenting 
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V, is the amplitude of the incident voltage and V, 
the voltage of the reflected wave. When the frequency 
is varied over a restricted range, the spot will trace the 
value of V, in magnitude and phase. The proper scale 
factor for the oscilloscope and its accompanying ampli- 
fier can readily be obtained by terminating the trans- 
mission line in a short circuit, so that V, = V, and 
calling the accompanying deflection unity. Since, by 
definition, V, for unity V^ is the reflection coefficient, 
the desired relationship has been verified. 

The four-probe method, however, is subject to a 
number of limitations and errors. Since use is made of 
fixed spacings in the transmission line, the method is 
limited in its frequency range if reasonable accuracy 
is to be expected. The errors will be somewhat greater 
for a waveguide system because of the more rapid vari- 
ation in waveguide wavelength with frequency. Care 
must be taken to insure that the probes are not large 
enough to produce noticeable distortions in the stand- 
ing-wave pattern which is being sampled. A third type 
of error is introduced if the crystals do not follow a 
square law in operation. This imparts a nonlinear 
radial scale to the oscilloscopes. This error will be 
largest for large values of the reflection coefficient. It 
will decrease as the reflection coefficient approaches 
zero. 

With suitable attention to detail, the four-probe 
method has been found to yield results which are accu- 
rate to the order of 5 per cent over a 5 per cent fre- 
quency band. The crystal errors can be substantially 
eliminated by any arrangement which attenuates the 
reflected-wave component so that it is small compared 
with the direct-wave component. 














Directional Coupler 

In the cireuit of Fig. 19-134, two directional coup- 
lers are used to sample the incident and reflected 
waves. The coupler which samples the reflected wave 
may be constructed to have a greater coupling attenua- 
tion than the coupling attenuation of the coupler sam- 








Courtesy Pree. I.R.B. 


L 19-134 Two directional couplers are wed bere io 
same te cdd and reel те 





Couriers Proc. I.R.B. 
Fig. 19-135— Waveguides, used as directional couplers, per- 
mit sampling of waves. 


pling the incident wave, or a resistive attenuator may 
be used to provide the desired difference in level. The 
probes in the secondary line then measure a reflection 
coefficient which is reduced by some desired factor with. 
respect to the reflection coefficient of the impedance 
under test. Suitable allowance for this can be made in. 
the calibration of the oscilloscope so that the device is 
still direct-reading. It is, of course, possible to dis- 
pense with one of the directional couplers, but the use 
of a single coupler to sample both wave components is 
not recommended because of the severe requirements 
‘on impedance matching which this usage imposes. 

‘The use of directional couplers to sample the waves 
makes it possible to dispense with the use of probes and 
use hybrid junctions to obtain the necessary additions. 
and subtractions. Such a circuit, using waveguides, is 
shown in Fig. 19-135, Two input couplers and two out- 
put couplers are shown. The output from one incident- 
wave coupler and one reflected-wave coupler are added 
and subtracted by one hybrid tee with a crystal on each 
of the two remaining arms. The second hybrid tee is 
displaced by an eighth wavelength to obtain the neces- 
sary phase difference. The balanced crystal outputs go 
to the oscilloscope amplifiers. The sensitivity of the 
directional coupler and the hybrid junction method 
can be greater than that of the simple probe method, 
since itis possible to obtain much larger samples of the 
incident wave, without serious error, by these means. 








Elliptically Polarised Light 

With relatively simple auxiliary equipment, ellipti- 
cally polarized light may be demonstrated on the 
‘oscilloscope screen. 

A beam of elliptically polarized light is usually most 
easily understood when it is considered as the resultant 
of the combination of two beams of plane-polarized 
light, these components being oriented perpendicular 
to each other, and representing sinusoidal vibrations of. 


14Steinhardt, R. “The. м 
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the same frequency with a definite time lag or phase 
difference between corresponding points on the two 
waves, 

By purely electrical means, it is possible to produce 
oscilloscope patterns which possess geometrical prop- 
erties identical to these same properties in a beam of 
polarized light. For the purposes of demonstration, 
these patterns may be taken as true representations of 
certain states of polarization. For example, if a si 
soidally varying voltage, such as the 60-cps lighting 
source, is impressed on the horizontal plates of the 
oscilloscope, the “spot” will move rapidly back and 
forth to produce a horizontal line, the length of which 
is proportional to the magnitude of the impressed 
voltage, 

Similarly, a vertical line of controlled length may be 
produced if the voltage is applied to the other set of 
deflection plates. Considering the oscilloscope screen 
a5 a cross section looking down into the beam of ellip- 
tically polarized light, these two lines may be taken as 
representations of the two basic, perpendicularly plane- 
polarized components of the ellipse a and b as seen in 
Fig. 19-136. 


=| ZQO9% 
OOQNOQ 


Courtery Du Mont Labs. 


Fig, 19-136.— Patterns produced in study of elliptical 
гий hight. а en 





И these two components are now combined, and if 
they happen to be of equal magnitude and of the same 
phase (or "in step"), they will produce, as a resultant 
pattern, a line at 45° to the two components, as shown 
at c in Fig. 19-136. If the magnitude of the two com- 
ponents remains the same, but their phase angle differ- 
‘ence increases, the pattern on the screen successively 
changes to a left-handed ellipse with the major axis at 
45° d, then a left-handed circle when the phase differ- 
cence becomes 90° at 

Further increasing of the phase difference results in 
a pattern consisting of a left-handed ellipse inclined at 
135° f which degenerates into a straight line at 135° 
when this quantity approaches 180°. As the phase 
difference becomes greater than 180°, these patterns 
are then repeated in the reverse order exactly as be- 
fore, except that the direction of rotation is now right- 
handed h to k. 











1 а beam of plane-polarized light enters a photo- 
electric specimen under mechanical stress, and if the 
polarization azimuth is at 45* to the lines of electrical 
or mechanical stress, the beam will undergo a contin- 
uous change as it penetrates deeper into the stressed 
material, 

By altering the magnitude of one or the other of the 
two components with the phase difference set at 90° 
от 270°, it is possible to produce ellipses inclined at 0* 
or 90* (s, Land m), and, by varying all three elements, 
it is possible to represent any imaginable state of 
polarization, and to note directly the magnitude of 
each component and the phase difference. 





Method 


All the patterns previously described can be pro- 
duced with quite simple electrical equipment such as 
is usually found in most physics laboratories. The 
principal item is the cathode-ray oscilloscope, which is 
preferably of the electrostatic-deflection type. For this 
purpose, the Du Mont 164 oscilloscope, or equivalent, 
with a three-inch sereen, is suitable. 





Courtesy Du Mont Labe 
i. 19197-—Wiring dingram of Selo motor S-phase cir- 


A phase-changing transformer, to be operated from 
a three-phase source, so as to produce a voltage of con- 
stant magnitude and of controllable phase, is required. 

From the wiring diagram in Fig. 19-137, it will be 
seen that a Selsyn motor has its three-wire winding 
connected to a three-phase source of the proper voltage 
and its output winding connected, via a potentiometer, 
to the vertical-deflection plates of the oscilloscope. 
Similarly, one phase of the input is connected, via an- 
other potentiometer, to the horizontal-deflection plates. 

With an oscilloscope, the built-in amplifiers and 
“V-gain” and “H-gain” controls will take the place of 
the two potentiometers. 
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If the source frequency is 50 or 60 cps, the pattern- 
forming “spot” will move around the screen too fast 
for the eye to perceive whether the patterns are rotat- 
ing left-handed or right-handed, and it will be neces- 
sary to resort to some trick to demonstrate the transi- 
tion from left-handed to right-handed elliptically polar- 
ized light when the phase angle passes through 0° or 
180°. 


Application 


The two gain controls determine the magnitude of 
the two perpendicular sinusoidal (plane-polarized) 
components, while the Selsyn motor or phase-changing 
transformer alters the phase relationship of these two 
components without affecting the magnitude of either. 
By equalizing the magnitudes, itis possible to demon- 
strate all the patterns in Fig. 19-136¢ to 19-1368 with 
one rotation of the Selsyn motor shaft, and the rela- 
tionship of plane-polarized light, with both left-handed 
and right-handed rotation, is quite evident. 





RCA Antennalyzer'* 

‘The equations for the radiation patterns of direc- 
tional antenna systems are well-known, but the arith- 
metical work necessary to secure a plot of the radiation 
pattern is tedious and time-consuming. Using this 
equipment, much work in antenna design is eliminated. 

In general, the designer of a directional antenna for 
broadcast station use knows the pattern required and 
is faced with the problem of determining the antenna 
configuration which will yield this pattern. The RCA 
Antennalyzer was developed to synthesize or to ana- 
lyze. The instrument is entirely electrical, with no 
moving parts, except the potentiometers which change 
the various parameters. Developed specifically for the 
design of directional antennas for broadcast use, the 
Antennalyzer, as constructed, will yield the radiation 
pattern of directional antennas which have as many as 
five towers or sources of radiation. 

Each source is characterized by four parameters: 
(1) the distance from a reference point ; (2) the 
muth angle with respect to a baseline ; (3) the amount 
of current in the antenna ; (4) the phase angle of this 
antenna current. Thus, the Antennalyzer has four 
potentiometers associated with each antenna, with one 
exception. One antenna is located at the reference point 
and carries unit current at zero phase. Hence, no con- 
trols are required for this antenna. 
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Courtery RCA ond Proc, LR B. 
Fig. 19-138.—Block diagram of RCA antennalyzer, 


Pattern Display 

‘The radiation pattern is displayed directly on the 
face of a cathode-ray tube, either in polar or rectangu- 
lar coordinates, The Antennalyzer may be used in two 
ways. The dials may be set to correspond to a given 
antenna configuration. Then, the resulting pattern is 
observed on the cathode-ray tube, However, when a 
given pattern is the goal, the dials may be twiddled 
until the proper pattern is obtained, Then the dial set- 
tings are recorded. These dial settings tell where to 
locate the towers, as well as the current ratios and 
phase angles to use. With a little practice, this opera- 
tion of analysis may be performed in a few minutes. 
Metering devices are included in the Antennalyzer so 
that the ratio of maximum field intensity to rms field 
intensity is obtained. The block diagram of the An- 
tennalyzer is shown in Fig. 19-138, 

The complete, mathematical theory underlying the 
operation of the equipment is given in the original 
article. 





tons 
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Courtesy RCA end Pree. I.R.E. 
Fig. 19-139—Cireuit for development of polar pattern. 
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To display the pattern in rectangular co-ordinates is 
by far the simplest procedure. However, many engi- 
neers are used to looking at the patterns plotted in 
polar co-ordinates. To provide a polar pattern, the cir- 
cuit of Fig. 19-139 may be used. 


D.A. Gain 


The gain of a D.A. (directional antenna) may be 
checked with the Antennalyzer and suitable auxiliary 
apparatus. When the antenna designer has arrived at 
a pattern of the proper shape, he usually desires a 
knowledge of the scale factor to place on the plot. An 
exact determination involves a knowledge of the mu- 
tual resistances existing between the antennas. How- 
ever, an approximate answer may be obtained quickly 
by plotting the pattern in polar co-ordinates and meas- 
uring the area of the pattern with a planimeter. A 
circle whose area is the same is then taken as the circle 
from a single antenna operated with the same power. 
The radius of this circle is the rms value of the hori- 
zontal polar diagram. This approximate relation may 
be obtained by measuring the peak value of the signal 
coming out of the Antennalyzer and then measuring 
the rms value of the same signal. 

The signal from the Antennalyzer is fed to the input 
terminals shown in the upper left-hand corner of Fi 
19-140. First, the signal is fed to the peak-reading volt- 
meter, which consists essentially of a diode rectifier. 
The input signal is adjusted until the meter in the out- 
put reads full scale, Then, the signal is switched to the 
input of the rms voltmeter. The output meter is 








switched to this voltmeter at the same time. Since the 
meter scale is calibrated with full scale equal to unity, 
the new reading is now the ratio of the rms signal to 
the peak signal. 

‘The rms voltmeter is a square-law device. Since the 
‘output of the Antennalyzer contains a d-c component 
as well as a-c terms, cross-product terms not properly 
included in the determination of the rms of the pattern. 
are brought into the reading unless the complex circuit 
with push-pull input and push-push output is used. 


Operation 

The calibration of the instrument is readily accom- 
plished. First, all antennas are tured off except for 
antenna A. In rectangular co-ordinates, this source 
then gives a straight, horizontal line, displaced from 
the zero axis. Then, the spacing control for antenna B. 
is set at zero, This places antenna B so that it coincides 
with antenna A. 

The current-ratio dial for antenna B is turned on 
and the current ratio and the phase angle adjusted 
simultaneously until the horizontal line has reached a 
‘minimum position, which should coincide with the zero 
axis. This means that the current in antenna B is ex- 
actly equal and 180° out of phase with the current in 
antenna A, 


FELD TENSITY 
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This adjustment then establishes the unity value 
point on the current-ratio dial, and locates the 180° 
point on the phase-angle dial. The phase-angle dial is 
then turned until maximum displacement is found for 
the horizontal line. This procedure locates the zero- 
degree point on the phase-angle dial. Next, with an- 
tenna B set at unit current and zero phase, the spacing 
dial is turned until a "figure 8" pattern with the mini- 
mum just reaching zero is obtained. This establishes 
the half-wave-spacing point on the dial. 

The calibration of the tower azimuth angle is easily 
obtained by turning this dial and suitably marking the 
dial as the pattern is marched across the scale, Refer- 
ence to a chart of patterns! obtained with two towers 
assists in crosschecking quickly a number of calibra- 
tion points. 

Fig. 19-141 shows a calculated polar diagram for 
two towers carrying equal and in-phase currents, when 
the tower spacing is one-half wavelength. This field 
pattern, plotted in rectangular co-ordinates, is also 
shown fh the same illustration. The increase in detail 
of the display in rectangular co-ordinates is evident 
Fig. 19-142 shows the trace on the Antennalyzer for 
the same set of conditions 

















Courtesy RCA ond Proc. I.R- 


Fig. 19-142—Trace on the antennalyzer for conditions of 
Fig. 19-141. 


Fig. 19-143 shows the calculated polar and rectan- 
gular trace for the same conditions as Fig. 19-141, ex- 
Cept that the two currents are now 180° apart in phase. 





J Brown, б. H., “Directional antennas,” Proc. LRE., vol. 
25, pp. 78-145, January, 1997. 


$ Courtesy RCA and Proc. LRE. 


Fig. 19-143.—Calculated polar and rectangular trace for the 
same conditions as Fig. 19-14], except that the two currents 
are now 180° apart in phase, 









Fig. 19-144 is the corresponding trace shown on the 
Antennalyzer. The polar plots of Fig. 19-141 and Fig. 
19-143 fail to show the marked difference in behavior 
in the null points that are shown by rectangular traces, 


Fig, 19-144.— Corre- 
sponding antennaly zer 
trace for conditions of Fig. 
19-143. 


Courtesy RCA and Proc. LR-E. 


Fig. 19-145 shows the configuration of antennas in- 
stalled at station WTAR, Norfolk, Virginia, The cal- 
culated horizontal radiation pattern is shown in Fig. 
19-146, plotted in both polar and rectangular co-ordi- 
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Fig, 19-145 Configuration of antennas installed at WTAR, 
locia, Va. 
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Fig, 19-146.—Caleulated horizontal radiation pattern, 
plotted in both polar and rectangular co-ordinates. 








County RCA ond Proc. LE. 


Fig. 19-147,— Polar plot shown in antennalyzer for condi- 
tions of Fig. 19-146. 


mates, The corresponding polar plot shown in the 
 Antennályzer is reproduced in Fig. 19-147, while Fig. 
19-148 shows the same plot in rectangular co-ordi- 
nates. 


Fig. 19-148. —Same plot as in 
Fig. 19-147, but in rectangular co- 
ordinates. 


Courtery RCA ond Proc, RE. 


Horizontal plane patterns have been shown. How- 
ever, calculations and patterns in the vertical plane may 
be handled equally well. 


Circulated Pulse Testing’? 


Square-wave and pulse-testing techniques may be 
extended to permit the signal pulse to be observed after 
circulating many times through the transmission sys- 
tem under test. This method is particularly useful for 
measuring the cumulative effect uf a number of similar 
‘units, such as those used in carrier or microwave-radio- 
repeater systems, when only one unit is available 
Applications to video-frequency, intermediate-fre- 
quency, and radio-frequency testing with a-m or f-m 
transient signals are feasible in checking distortion. 





Basic Circuit 


A block diagram of the fundamental circuit for cir- 
culated-pulse testing is shown in Fig. 19-149, The 
functioning of the equipment is almost self-explanatory 
from the drawing. The transient response of a system 
may be observed directly using this technique. 

A simple method of observing the transient response „, 
of an amplifier or transmission system is to connect a 
pulse-modulated signal source to its input and an 
oscilloscope to its output. If the oscilloscope sweep is 
synchronized with the pulse rate, a stationary picture 
of the response to pulse signals is obtained on the 
screen. Since the observed response is a complicated 
function of what might be called the fundamental 
steady-state characteristics of the apparatus being 
tested, such methods are most valuable for comparing 
the different designs and for over-all qualitative tests 
of complete communications systems using television, 
facsimile, or frequency modulation. 

With reference to Fig. 19-149, the transmission cir- 
it under testis inserted in a loop consisting of a delay 
line, an attenuator, and an auxiliary amplifier indicated 
by the rectangle marked “gated amplifier.” The test 
pulse is introduced into the loop at the input to the 














1TBeck, A, C, Ring, D. H., “Testing repeaters with circu- 
lated rin Poe PRE., vol. 35, pp. 1226-1230, November, 
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equipment under test, and a sample of the output is 
removed from the loop and connected to the viewing 
circuit. The major portion of the output is fed through 
the delay line, attenuator, and gated amplifier, back 
into the input, 

The delay in the loop circuit is made greater than the 
duration of the test pulse, and the gain around the loop. 
is made unity. Under these conditions, a single pulse in. 
the loop will circulate around the loop indefinitely, and 
the viewing oscilloscope will show a succession of 
pulses which are each spaced along the sweep by the 
total delay time of the loop circuit. Each successive 
pulse on the oscilloscope shows the original pulse after 
another trip around the loop, and, therefore, another 
trip through the amplifier or system under test. 

If the test pulse is made recurrent, in order to obtain 
a stationary picture built up of many superposed traces 
on the viewing oscilloscope, trouble will be encoun- 
tered because pulse number one will still be circulating 
around the loop when pulse number two is inserted. It 
is the function of the gated amplifier to obviate this 
difficulty. This amplifier is arranged so that its gain 
is normally much less than unity. Just before a test 
pulse is inserted into the loop, a “gate” voltage is ap- 
plied to the gated amplifier. This gate voltage raises 
the loop gain to unity and holds it there for a period 
which is many times greater than the loop delay, but 
Jess than the test-pulse repetition time. Thus, the test 
pulse continues to circulate for the duration of the gate 
signal, When the gate voltage is removed, the loop gain 
drops to much less than unity and the circulating pulse 
is quickly damped out so that the loop circuit is free 
from signals when the gate voltage is reapplied and a 
new test pulse is introduced. 


‘The points at which the signal insertion and viewing 
branches are connected to the loop are arbitrary. As 
shown in Fig. 19-149, the signal is inserted at a low- 
level point in the loop, so that a relatively small pulse 
voltage is required. The viewing branch is shown con- 
nected to a high-level point, so that less amplification 
is necessary to get a satisfactory oscilloscope deflec- 
tion. When this is done, the test pulse cannot be ob- 
served until it has made one trip through the amplifier 
or circuit under test. If enough high-quality amplifica- 
tion is provided in the viewing branch, both branches 
can be connected to the loop at the same point, and one 
can monitor the test-pulse shape directly. On the block 
diagram, resistors are shown in the test branches to 
indicate that the connections are made by bridging cir- 
cuits which do not disturb the impedance terminations 
of the equipment in the loop. 

Circulated-pulse testing with frequency-modulated 
pulses has been carried out, as shown in the block 
diagram of Fig. 19-150. A block diagram of the ar- 
rangement used for circulated-pulse testing with 
amplitude modulation at r.f, and if. is similar to Fig. 
19-150, except as indicated in the caption. 
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Video-Frequency Testing 

A wide-band video circulating loop requires a high 
degree of balance in the gated amplifier, in order to 
avoid transients which circulate with the test pulses. 
It also requires a precision delay line which has uni- 
form attenuation and delay over the necessary video 
band. The various problems may be avoided using the 
arrangement shown in Fig. 19-151. which was devised 
by W. M. Goodall of Bell Laboratories. A frequency 
modulator and discriminator are connected to the video 
system to be tested, with the gating and delay accom- 
plished in the i-f part of the loop. Amplitude modula- 
tion and detection could be used in the same way. 


Memory Oscilloscope!* 
The memory oscilloscope is used for obtaining pho- 
tographic records of randomly occurring electric 


MZarem, A, M, 


"An automatic with a mem- 
ory,” Elec. Eng. vol. 6, pp. 150-153, March, Н 


. 19-152. Block 
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transients. This instrument differs from other oscillo- 
scopes of the memory type in that its operation is 
completely automatic. Forty sets of oscillograms can 
be recorded without the aid of an operator. Because of 
this feature, such an oscilloscope may be used for mon- 
itoring electrical systems in which sporadic circuit dis- 
turbances are to be studied. The unit consists essen- 
tially of three cathode-ray tubes with associated power 
supply, a sawtooth oscillator to provide the horizontal 
time axis, amplifiers for the vertical-deflection circuits, 
a beam-blanking circuit, and an automatic camera. 

When the memory oscilloscope is in operation, the 
cathode-ray tubes are continuously excited. The ver- 
tical-deflection circuits ofthe tubes are connected to the 
voltages to be investigated, and each tube screen car- 
ries a cathode-ray pattern characteristic of the voltage 
applied to its vertical-deflection plates. Upon the oc- 
currence of a transient pulse, the camera shutter is 
released and the electronic beams of the cathode-ray 
tubes are interrupted, The camera then records the 
persistence of fluorescence, which is characteristic of 
the material used on the tube screens. 

In this way, a record is obtained of electric events 
that occurred previous to the opening of the shutter. 
To insure successful operation, the component parts of 
the automatic memory oscilloscope must be electrically 
co-ordinated and controlled. 


Control Circuit 


Fig. 19-152 is a block diagram illustrating the 
sequence of functions performed by the automatic 
memory oscilloscope control circuit. The control is 
initiated by a voltage pulse applied to the grid of an 
electron tube. This pulse may be supplied by the tran- 
sient voltage itself—or some other voltage pulse which 
occurs simultaneously with the transient to be studied. 
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As the input impedance of the control circuit is quite 
high, very litle current is required for its operation. 

‘The first operation is a multiple one. The shutter is 
opened, a clock dial is momentarily illuminated, and an 
electric pulse is released to an isolating circuit. An 
adjustable time thereafter, the beam-blanking unit re- 
ceives its impulse, and a second timing circuit is actu- 
ated. The latter operates the motor-control unit, which 
їп turn resets the camera, excites the coil of the step- 
relay exposure counter, and places the entire control 
circuit in readiness for the next transient to be re- 
corded. The timing circuits are included in order to 
allow the adjustment of both memory time and expo- 
sure time, The clock mechanism insures that every 
‘oscillogram record contains the time at which the 
initiating transient occurred, 


Magnetic Materials Tests!” 

Although magnetic materials possessing substan- 
tially rectangular hysteresis loops have been known 
for some time, only recently has this property been 
utilized in the design of electric apparatus. 

Attempts in the past to construct mechanical recti- 
fiers have been frustrated because of the difficulty en- 
countered in commutation. In order to obtain satis- 
factory results, the commutation must take place while 
the current passes through the zero value. In an ordi- 
nary a-c wave, the rate of change is the greatest at that 
point, As a result there is no time for commutation 
without destructive sparking 

When saturable reactor coils are put in series with 
the current leads, a step is introduced as the current 


m 





Fig. 19-18.— Basic circuit for $-phase contact rectifer. 
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passes through substantially zero value. This prolongs 
the time of zero current so that almost sparkless com- 
mutation can be obtained. It has been found that far 
superior results are obtained if these saturable reactor 
coils have rectangular hysteresis characteristics, 

A basic circuit for a 3-phase contact rectifier is 
shown in Fig. 19-153. The saturable reactor coils are 
shown together with the windings used to aid in the 
development of sparkless commutation. Fig. 19-154 
shows the load current (A) when the saturable re- 
actors are not in the circuit and (B) when they are 
included as in Fig. 19-153. In the latter part, the step. 
in the current wave is shown. 


' 67% 
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Fig, 19-154—Load currents (A) without and (B) with 
saturable reactors in cireait. 


Fig. 19-155 shows the hysteresis loops for two cores 
of the same material. Core (A) has been heat-treated 
by standard methods and core (B) is specially proc- 
essed to give a rectangular hysteresis loop. The com- 
mutation takes place at the steep portion of the hys- 
teresis loop. When the width of the loop is small, the 
current during commutation will remain small but not 
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In order to reduce the current step to zero, an a-c 
biasing current is supplied through the auxiliary wind- 
ings. Also, itis desirable that the vertical portions of 


ELECTRICAL MEASUREMENTS, SCIENTIFIC AND ENGINEERING APPLICATIONS 715 


the hysteresis loops be as steep as possible; and that 
they approach the saturation value. This extends the 
commutation interval and minimizes the amount of 
core material for a given rectifier. Materials which 
have a rectangular hysteresis loop as shown in Fig. 
191558 fulfil these requirements. 


Magnetic Amplifiers. 

Development work at the Naval Ordnance Labora- 
tory has shown that certain advantages in the construc- 
tion of magnetic amplifiers are obtained by the use of 

* magnetic materials with rectangular hysteresis loops. 

One type of magnetic amplifier circuit employing 
regeneration is shown in Fig. 19-156, Saturable trans- 
formers T1 and T2 are designed to operate at the knee 
of the magnetization curve. Because the regeneration 
is accomplished by the flow of the rectified load current 
through a feedback winding, a d-c bias is required to 
minimize the load current at zero signal. When a signal 

applied, each transformer is driven into saturation. 
This increases the magnetizing and load currents. 





Courtery Blacrcal Engineering 
Fig. 19:156-—Magnetic amplifer circuit employing regen- 


From power considerations, itis desirable to operate 
flux density. The higher the density at which 
the knee occurs, the larger will be the output power 
capacity of a coil with a core of a given size. Also, in 
order to increase the amplification, the magnetizing 
force at the knee should be as small as possible. In a 
material having a rectangular hysteresis loop, the knee 
‘occurs very close to saturation value. 

Because of that, the form factor of the load current 
more nearly approaches that of a sine wave. Fig. 
19-157 shows the magnetization curve of two nickel- 
iron alloy cores of substantially the same composition. 





MAGNETIZATION CURVES 
OF 50% Ni, 50% Fe ALLOY 
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19.157. Magnetization curves of two nickel-iron al- 





Core (B) has been given a special treatment to pro- 
duce a rectangular hysteresis loop while core (A) has 
been given the standard heat treatment, Fig. 19-158 
shows the current waveform for each of these cores, 
showing improved sinusoidal characteristics of the 
specially treated material. An amplifier constructed 
with identical cores of these materials delivered over 
twice as much power when core (B) was substituted 
for core (A). 


Fig. 19-158 —Current waveforms n 
for the cores of Fig, 19-188, show- 
ing i sinusoidal characteris- 
tics of the specially treated mate- 





Tt has been known for more than 30 years that very- 
high-frequency electromagnetic waves would be ab- 
sorbed by any gas whose molecules possess electric di- 
poles. The frequencies at which absorption takes place 
correspond to the rotational frequencies of the mole- 
cule. Using war-developed techniques, it is now pos- 

2°Coles, Donald K., "Microwave molecular 


spectroscopy," 
Elec. Eng. vol ©, pp 23541, August, 148; the following 
material {s based 
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sible to detect these absorption lines and to measure 
their frequencies to one part in a million. 

The first sharp-line absorption spectrum was ob- 
tained by B. Bleaney and R. P. Penrose at Oxford 
University, England. These investigators introduced 
ammonia into a resonant cavity, which effectively is a 
short length of waveguide in which the radiation is 
reflected back and forth hundreds of times. The effect 
of the ammonia gas was to damp out the waves and 
thus to reduce the energy density in the cavity. The 
change in energy density could be measured by means 
of a crystal detector. 

Bleaney and Penrose found that at pressures below 
one millimeter of mercury the broad absorption band 
of ammonia consisted of several series of very sharp 
lines. This was in general agreement with the predic- 
tion of Dennison and others at the University of Michi- 
gan. Bleaney and Penrose announced these results 
early in 1946, and at that time similar results already 
were being obtained by W. E. Good at the Westing- 
house Laboratories and C. H. Townes at the Bell 
Telephone Laboratories, New York, N. Y. 

The American investigators were using a frequency 
sweep method which presented a small part of the ab- 
sorption spectrum on the screen of a cathode-ray oscil- 
loscope at any one instant of time (Fig. 19-159). One 





form of the apparatus used by Good is shown in Fig. 
19-160. The microwaves traversed two meters of am- 
monia gas and then were detected by means of a silicon. 
crystal. The received signal was amplifed and applied 
to the vertical plates of an oscilloscope. The sawtooth 


voltage which served for the horizontal deflection of 
the oscilloscope was also used to vary the frequency of 
the oscillator, so that the horizontal axis of the oscillo- 
scope became a frequency axis. The absorption wave- 
meter, indicated in Fig. 19-160, is a variable cavity 
loosely coupled to the waveguide. This type of appara- 
tus has sufficed to detect and study the rotational ab- 
sorption lines of perhaps a dozen simple molecules in 
the wavelength region between 5 and 18 millimeters, 
A recording would be made at reduced full-wave 
level and at full-wave level. Usually, these neutral cur- 
rent oscillograms will consist of many frequencies and 
a mismatch is indicative of a change in the trans- 
former's impedance, such as when a failure occurs, 





ConrteryBleciricl Buginsering 
Fig. 19-160.—Block diagram of apparatus used in micro- 
wave spectroscopy. 


Small changes in impedance result in larger changes 
in the neutral current oscillograms than occur in the 
voltage oscillograms taken at the surged terminal, 
Whether the current neutral method of measurement 
will detect all failures in a winding obviously depends 
considerably upon the characteristics of the trans- 
former. 

Turn-to-turn failures involving no more than one- 
tenth of one per cent of the winding have been detected. 
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Lens Testing” 


The basic test setup is shown in Fig. 19-161 The 
optical principles involved are discussed in the original 
article. Electrically, the hookup is simple and self- 
ident from the diagram. 

The distribution of energy in an image formed by 
lens in yellow lights is shown in Fig. 19-162, The dis- 
tribution of energy in an image formed by a lens in 
blue light is shown in Fig. 19-163, while Fig. 19-164 
shows the light modulation in the image of a grating 
formed by a lens on axis. Light modulation in the 
image of a grating formed at 10° of axis is shown in 
Fig. 19-165. Fig. 19-166 illustrates diffraction spectra 
present when a coarse grating is placed over the lens 
under test. 








Crertry Bell Te. Lob 


Fig. 19-162— Distribution of energy in an image formed by 
a dens in yellow light. 





Courtery Ball Syetem Lab 


3 Herriot, W. "A. 


Jens bench,” Jour. Opt. Soc. 
Amer, vol. 37, pp. 472-474, June, 1947. 





Courtesy Bel Sytem Labs, 


bt modulation in the image of a grating 
formed by a lens on axis 








— 


Courtesy Beil Synem Lob. 


Fig. 19-165.—Light modulation in the image of a grating 
formed at 10° of axis is shown, 
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Fig. 1966 Difracion spectra present when a coarse 
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Geiger Counter Tests?” 


Since the first demonstration of the tube counter by 
Geiger and Muller in July, 1928, the unusual sensi- 
tivity of such counters has found widespread applica- 
tions in the detection of high-speed particles and ener- 
getic photons. 

A Geiger counter is a gas-filled diode operated in the 
region of the unstable corona discharge. There are two 
types of counters, characterized by their filling gases. 
One uses simple monatomic or diatomic gases, such as 
hydrogen, air, the rare gases, or mixtures of these, and 
is known as the nonself-quenching type. The second 
category includes mixtures of simple gases and small 
percentages of “quenching” admixtures, which are 
usually polyatomic organic molecules. In general, the 
firing characteristics of both types of fillings are very 
much alike, but the subsequent stages of the discharge 
and the deionization process are distinctly different. 

The electrode system of a Geiger counter usually 
consists of a fine wire and coaxial cylinder. Most tubes 
are filled with a rare gas combined with a trace of a 
polyatomic vapor such as alcohol, ether, amyl acetate, 
and many others. At low voltages, the tube behaves as 
an ionization chamber with an internal amplification 
factor of unity. A relatively small potential difference 
prevents recombination losses, and is sufficient to draw 
a saturation current from the tube, supplied entirely by 
the primary ionization. Raising the voltage brings on 
gas multiplication by impact ionization of the gas 
molecules. 

The multiplication factor increases with increase in 
voltage and the current delivered by the tube is pro- 
portional to the primary ionization up tò multiplica- 
tions of 10° or 10°. Throughout this range, the dis 
charges are single avalanches, each avalanche origi- 
nating from a primary ion pair and localized within a 
fraction of a millimeter along the length of the wire. 

















Courtesy Re. Sh. Ino 
Fig. 19-167 —Fundamental Geiger counter circuit. 


Friedman, Dr, Herbert, “Geiger counter tubes," Proc. 
LRE, vol. 7, p.754, July, 1949. 
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Fig. 19-168.—The transition to Geiger counting is ordinarily 
TQ, terr dein Tia are store te aid anion 
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charge has spread throughout the tube. 
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At still higher voltages, every avalanche breeds new 
avalanches, spreading the discharge along the full 
length of the tube, through the medium of the very- 
short-wavelength ultraviolet rays generated in each 
avalanche. The discharge continues to burn until a 
critical space-charge density of positive ions is reached. 
The amplification factor then becomes independent of. 
the amount of primary ionization, and all discharge 
pulses attain equal amplitudes. This condition char- 
acterizes the operation of the Geiger counter. 

The Geiger-counting threshold is usually deter- 
mined experimentally by observing, with an oscillo- 
scope, the lowest voltage at which all pulses become 
‘equal in size. The fundamental circuit is shown in Fig. 
19-167. 

‘As threshold is approached, statistical fluctuations 
in the breeding of new avalanches from preceding 
avalanches may interrupt the chain before the dis- 
charge has filled the entire length of the tube, The 
transition to Geiger counting is ordinarily very sharply 
defined, as is illustrated in Fig. 19-168, which shows 
the rapid transition from incomplete growth of the dis- 
charge characterized by nonuniform pulse heights, to 
the threshold where each discharge has spread 
throughout the tube. 

‘The number of discharges is directly related to the 
number of primary particles striking the tube, and does 
not depend appreciably on the applied potential over a 
range of a few hundred volts known as the "plateau." 
At higher voltages, the condition of a self-sustained 
corona is reached and the discharge maintains itself 
until the potential is removed. Sufficiently high poten- 
tials bring on the transition to a glow discharge in 
which the current rises very rapidly and the voltage 
‘across the electrodes falls to a low stable value. The 
complete voltage characteristic of the cylindrical iot 
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zation tube is illustrated in Fig. 19-169. Fig. 19-170 
illustrates the effect of argon pressure, percentage of 
alcohol admixture, and the size of the electrodes on the 


threshold voltage. 
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Fig, 19-170.—Effect of argon pressure, 
hol admixture, and the size ofthe elect 


Number Displays?! 

The number is displayed across on the screen of a 
cathode-ray tube, the characters being directly written 
by movement of the spot. The effect of a steady display 
is created by a high-speed repetitive traverse over the 
outlines required, a black-out being effected between 
the characters and on the fly-back. 

The spot control is achieved by a combination of 
alternating figure-producing potentials and steady 
spacing of layout potentials. The former are provided 
by a common fgure generator which uses a continu- 
ously rotating multiunit variable capacitor to modulate. 
2 500-ke supply, generated by a built-in oscillator. The 
‘outputs are rectified to give the X and Y component 
potentials of the integers at an audio frequency. 

A layout selector connects the tube in sequence to the 
required figure potentials and adds the steady poten- 





‘The technique is based on the cathode-ray tube, the 
display being directly written by movement of the spot 
and not by variation in brilliance as in television and 
other reproduction methods. 

Thus to reproduce the figure "2," the spot is caused 
to traverse the outline of this figure many times a sec- 
Baker, G. dier ing ihe, cathode- 
{abe Town LEB, wo 9h 9 етос Б М" 
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ond. Persistence of vision causes the result to appear 
as a solid unbroken figure. The potentials required to 
produce this traverse are of an alternating nature. The 
individual figures are built up into a complete display 
or frame by superimposing steady potentials, which 
have the effect of shifting the center of each figure to 
any required point of the frame. The figures are writ- 
ten one at a time, each with its own combination of 
alternating and location potentials. The complete trace 
is repeated several times a second and again persistence 
of vision creates the appearance of a steady display. 
This effect is greatly assisted by the afterglow nature 
of the tube screen. 


Elements of System 


‘The system has four main components, shown in 
outline in Fig. 19-17 |. These are: (a) The cathode-ray 
tube, This can be any of the standard units depending 
only on the size and type of the display. (b) The lay- 
out control. The face of the tube can be considered as 
a frame containing a number of divisions in each of 
which one integer can be displayed; the layout control 
locates each division. (c) The figure selector. Each 
division of the frame has an associated figure selector 
which determines which integer will appear in that 
division. (d) The figure generator. This provides the 
alternating potentials for producing traces correspond- 
ing to the integers, 1 to 0. One such unit will supply а 
large number of tubes and thus the system is particu- 
larly suited to provide a multiplicity of adjacent but 
otherwise independent displays. 











^ Courtay Jour. IEB (London) 
Fig. 19-171.—Elements of system for number displays. 


Figure Generator 
Thes аа 
figures are produced by the equipment shown in Fig. 
19172. The oscillator functions at about S00 kc and 
feeds the common rotor of the multiunit variable capac- 
itor shown as C2X, C2Y, C3X, C3, ete. 
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Fig, 19-172—Writ tentials for delineating the indi 
vidasi fures are produced ty this equipment 


The rotor is driven directly from the shaft of a small 
high-speed motor. The stationary plate of each capaci- 
tor unit is connected through a load resistor R1 to 
ground, and the varying high-frequency potential de- 
veloped across this resistance is rectified by the dry- 
plate rectifier MR. The smoothing unit C2 is intro- 
duced to prevent the high-frequency fuzzing the out- 
put, which is normally situated in the lower a-f band. 

Each figure, with the exception of “1,” requires two 
control potentials, and there are thus nineteen plates 
and output terminals. It will be seen that the output 
potenial depends on the instantaneous capacitance of 
the rotating vanes, and if these vanes are correctly 
shaped, almost any desired output can be achieved. 


Capacitor Vanes Design 

Consider the reproduction of an outline, for ex- 
ample, the "2" shown in Fig. 19-173. Imaginary axes 
can be drawn through the resting position of the spot, 
‘one parallel to the deefiction produced by the X plates, 
the other parallel to the ¥-plate deflection. The deflec- 
tions are substantially proportional to the applied po- 
tentials, so that the distances from these axes, ie, the 
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Fig. 19-173—Reproduction of an outline. 


X and Y co-ordinates, represent the required deflec- 
tion potentials. The outline shown is, therefore, a rela- 
tionship between X and Y of the form 
х=). а) 
is curve is traced out by the movement of a spot, 
and the relationship is more accurately expressed in 
terms of a parameter t 
(2) 


(3) 
where C,, C, are the capacitances of the X and Y 
capacitors respectively. 

The traverse is repeated many times a second, hence 
these represent periodic functions. The load resistance 
(R1, Fig. 19-172) is kept relatively small and the out- 
put potentials are roughly proportional to the instan- 
taneous capacitances of the variable capacitors. 














C= f(t) e 

с,=ра) (5) 
where Cy, Cy are the capacitances of the Y and Y 
capacitors respectively. 


The outline should have an even illumination and 
the spot must move at a constant velocity along the 
trace. The curve is, therefore, divided into a number 
cof equal divisions, each of which represents a time 
unit, In practice it has been found more convenient to 
divide each figure into its salient features and to make 
each feature an integral number of time units while 
preserving the over-all equality as near as possible. 


This makes it easier to reproduce those features which 
are repeated in two or more figures. Thus, in "2" the 
baseline is allowed three, and the remainder of the 
curve seven, out of the ten divisions into which the 
trace is divided. 

The rotor has a constant angular velocity and the 
time divisions also represent angular positions of the 
shaft. Equations (4) and (5) then become 





(6) 
0) 
giving the capacitances required from the X and Y 
capacitors for any position of the shaft. These two 
polar curves can be obtained directly from Fig. 19-173 
and, if the fixed blades were of negligible width, they 
would represent the desired rotor shape. 

In practice, it is necessary to make the fixed plates 
as wide as possible and an 18° segment has been found 
convenient. Before equations (6) and (7) can repre- 
sent overlapping area of capacitor vane, two correc 
tions are necessary. First, the radial scale must be 
adjusted so that the divisions represent equal incre- 
ments of area on the segment. To achieve this, the 
radial units are made proportional to the square of the 
distance from the origin. Second, the perimeter doe 
not cut the fixed blades in an arc of a circle, but, in 
general, includes varying radii. The actual capacitor 
area is represented by an integral taken between two 
radii, 18° apart, Fortunately, the sine functions are 
straight lines respectively, and, therefore, this effect 
does not entail a great deal of modification, except 
discontinuities. One or more of these occur-in most 
figures and the reversals at either end of the traverse 
provide further examples. 

A theoretically perfect solution cannot be obtained, 
but the shapes of the figures are not critical and ap- 
proximations can be obtained which give a divergence 
from the ideal almost unnoticeable on the trace. It has 
been found that once the salient features of the various 
figure shapes have been studied, a great deal of lati- 
tude exists in the plate shape, while still preserving a 
reasonably symmetrical figure; this latitude can be 
used to make the plates easier to cut. 

Draw the required outline on a Cartesian frame as 
shown in Fig. 19-173. Divide the trace into a con- 
‘venient number of equal divisions, and make a polar 
plot on an equiarea scale, with the semicircle divided 
up into as many segments as there are trace divisions. 
The remainder of the circle is used for the reverse 
traverse. Correct for discontinuities by approximate 
means and generally smooth the final result to give a 
simple rounded figure. Typical outlines achieved by 
the above methods are shown in Fig. 19-174, 
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Fig. 19-174—Typical outlines achieved by methods de- 
scribed in text. 


A further correction can be introduced to allow for 
the fact that the value of the load resistance is not negli- 
gible, since electrical efficiency requires this to be fairly 
igh in comparison with the capacitor impedance. The 
effect, however, is to give a slight flattening at the 
upper end of the figure, and it is fairly simple to allow 
for this when drawing the original outline. The re- 
quired outlines were drawn several times full size and 
reproduced as a smooth groove on a phenol-fibre 
board. The latter was then used as a master on a panto- 
graph engraving machine to inscribe the profile at the 
correct size upon a steel sheet. This was eut out and 
case-hardened, and it can be used as a template to pro- 
duce any number of the required vanes which are 
formed in aluminum on a similar metal or alloy. 





Mechanical Details 

‘The principal dimensions were obtained by the fol- 
lowing process. A value of 20,000 ohms is used for the 
load resistance (R1, Fig. 19-172) and was suggested 
by consideration of the output impedance when sup- 
plying a number of tubes ; too high a value, for R, leads 
to figure distortion. An examination of the potential- 
divider circuit formed by the reactive modulating 
capacitors and the load resistor suggested that the 
minimum impedance of the former must be at least 1.5 
times the value of R, to avoid undue flattening at the 
top of the figures. 

A frequency of about 500 kc was found most suitable 
for the oscillator, this value being high enough to keep 


the capacitors small, without involving the special pre- 
cautions entailed by the higher radio frequencies. The 
maximum capacitance of the modulating capacitor was 
thus fixed at about 10 pf. A plate separation of at least 
15-20 mils is essential for ease of construction and 
maintenance; thus the capacitor requires some 0.75 
inch of plate area to give the required capacitance, As 
previously described, the maximum section that allows 
a simple layout of vane shape is 18° or 1/20 of a revo- 
lution. Internal and external diameters of 1.5 and 7.5 
inches, respectively, give a close approximation to the 
required area. 

The design, shown in Fig. 19-175, was conditioned 
by its association with telephone-type equipment, but 
it is unlikely that another location would demand more 
than detail modifications. The folded steel chassis is 
approximately 20 X 4H inches, the internal recess 
being just under 2 inches and sufficient to contain all 
the purely electrical components. 

The capacitor shaft is supported by two pressed 
steel brackets, designed for maximum rigidity. The 
center face of each bracket is largely cut away, and the 
space filled by a phenol-fiber square, Y& inch thick, 
bolted to the bracket. Roller bearings are simply 
pressed into the fiber, since this has proved sufficient 
support for the light stresses involved. The insulating 
member of the coupling is a disk % inch thick, into 
which studs on the capacitor and motor elements pro- 
ject about 0.1 inch on opposing diameters. By these 
means the residual capacitance is kept small. 

The rotor vanes are assembled on the shaft in pairs, 
the X and Y elements of each figure being pinned to 
the interposed spacer. Thus the components of each 
digit are maintained in accurate phase relationship, 
while the unit as a whole can be rotated on the shaft, 
This makes it possible to adjust the maxima and 
minima of the various figures so that the load on the 
‘oscillator is largely constant. 

The fixed blades are mounted on insulating blocks, 
disposed alternately on either side of the chassis, the 
fixing holes being somewhat larger than necessary to 
allow foga certain amount of adjustment before clamp- 
ing. Further adjustment can be made by slightly bend- 
ing the fixed blades, this having a marked control over 
the figure size and shape. The rectifiers (MR, Fig. 
19-175) and the load resistors (R1 and R2) are situ- 
ated within the chassis immediately beneath the asso- 
ciated, fixed blades and the wires carrying high fre- 
quency are thus extremely short. A cover over the 
whole unit and smoothing capacitors on the outgoing 
wires ensure that the high frequency cannot interfere 
with adjacent apparatus. 
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A 10-watt motor provides ample driving power, and 
a synchronous type running at about 3,000 rpm is use- 
ful, although a lower speed can be used for some ap- 
plications. The single-tube oscillator, situated inside 
the chassis beneath the motor, was designed to work 
off 100 volts, but very little margin is available at this 
voltage. Accordingly, in future designs, it is proposed 
to project both tubes through the chassis in the con- 
ventional manner. 





Couriary Jour. IEB (London) 
Fig. 19-175—The mechanical design of number display 
equipment, 


The Control Circuit 

A representative circuit for producing a display of 
numbers is given in Fig. 19-176, The face of the tube 
can be considered as a frame wherein the integers can 
be arranged at will by means of the layout control. A 
convenient method of control uses the telephone-type 
uniselector, the contacts of which correspond to divi- 
sions of the frame, 

Each division is located on the screen by a fixed 
direct potential from one of the uniselector banks, 
while at the same time, corresponding contacts on other 
banks connect the appropriate deflection plates to that 
figure selector which determines the integer to appear 
in that division, The means used for figure selection 
depend on the application, For a manually controlled 
display, the selectors take the form of ten-point hand- 
set switches, For automatic control, the selection is 
effected by that part of the controlling apparatus whose 
condition is to be recorded. The selection in Fig. 
19-176 is carried out by means of relay contacts, this. 
being a convenient arrangement, since it corresponds 
to the circuit conditions encountered in telephony, 
totalisors, and calculating machinery. 

The integers are selected by operating the relays in 
various combinations, the codes used in Fig. 19-176 
being 1-MW, 2-Х, 3-Y, 4-2, WX, 6WY, W2, 
XY, 9-YZ,0-XZ. 

The operation is initiated by connection of the start 
wire to earth, causing relay P to be energized through 
the magnet interrupter springs and the wipers to move 
from the home or resting position. In the second posi- 
tion, wiper 1 connects the X1 plate to one of the X 
terminals of the figure generator, the particular termi- 
nal being determined by the combination of relays set 
up to represent the first digit. 

Similarly, wiper 2 connects the Y1 plate to the cor- 
responding Y terminals of the figure generator, and 
the spot, which is brought up on the tube by a method 
described later, is driven rapidly around the outline of 
the required integer. A steady potential is injected 
from wiper 3 into the X2 plate such as to locate the 
integer on the left-hand side of the screen. By using 
the second X plate to control the frame position, the 
difficulty of combining a steady potential to the tube 
with a common alternating potential is overcome. In- 
teraction between relay P and the uniselector magnet 
causes the wipers to step to the next position. 
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Ultrasonic Tests 

‘The propagation of supersonic waves in bulk rub- 
bers has been studied from 40kc to 10 Mc and from 
60* to 60* C.The wave velocity was found to increase 
with decreasing temperature, leveling off both at high 
and low temperatures, and was found to increase 
slightly with frequency. 

Peaks in attenuation as a function of either tempera- 
ture or frequency were observed, the peaks occurring 
at lower temperatures for lower frequencies. The peaks 
for butyl, a high loss rubber, are broader and higher 
than those for GR-S and Hevea, which are lower loss 
rubbers. 

The results are in qualitative agreement with data 
obtained by strip methods at audio frequencies. How- 
ever, for bulk waves the real and imaginary parts of 
two elastic constants, the bulk and shear moduli, deter- 
mine wave velocity and attenuation ; hence, independ- 
ent measurements of shear wave properties are neces- 
sary to evaluate these constants. 

At ultrasonic frequencies, measurements of bulk 
wave transmission can be readily carried out. 

Ivey, Donald G. Mrowcs, B.A. and Guth, Eugen, “Prop- 


ult Jew. 
Vica 


. 19-176. —. circuit. 
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A pulsed compressional wave is generated and re- 
ceived in a liquid by a pair of crystal transducers. By 
observing the time shift and amplitude change of the 
received signal when a rubber sample is inserted in the 
path of the beam, the bulk wave velocity and attenua- 
tion can be calculated. The duration of the pulse is such 
that interference effects do not occur in the first re- 
ceived signal. However, the pulses used are of suffi- 
cient length that the group velocity of the pulse may be 
assumed equal to the phase velocity of continuous 
waves of the same frequency. 

A block diagram of the apparatus is shown in Fig. 
19-177. The synchroscope triggers the pulse generator 
at the same instant that it starts its sweep. A negative 
Pulse from the pulse generator cuts off a tube which 
normally short circuits the tank of the oscillator. Thus 
the oscillator is opened for the duration of the pulse. 
The oscillations are amplified and fed to the trans- 
miting crystal, which generates an interrupted train 
of waves in the transmitting liquid. The crystals used 
are of sufficient cross section to insure a well colli- 
mated plane wave. 

This wave is picked up by the receiving crystal and 
the resulting signal is amplified and fed into the peak- 
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19-177.—Block diagram of experimental setup used in 
ultrasonic propagation tests, 





reading voltmeter and the synchroscope, When a rub- 
ber sample is inserted in the path of the beam, the wave 
pattern on the synchroscope screen shifts in position 
and changes in amplitude. Since a part of the liquid 
path has been replaced by the sample, the velocity and 
attenuation in the sample relative to the transmitting 
liquid can be obtained. 

The transmitting liquids used had negligible attenu- 
ation compared to that of the rubber, so that the sample 
attenuation was obtained directly, assuming no reflec- 
tion at the liquid-sample interfaces. This assumption is 
valid of liquids of approximately the same acoustic im- 
pedance as rubber are used. 


/ 


Courtesy Rev. Sei Instr. 
Fig. 19-178— Simple mechanical vibrating system. 


Potential Indicator”? 

The resistance-capacitance coupled amplifier is un- 
satisfactory for d-c and low a-c amplification. Using 
a chopper or electronic switch in the input circuit per- 
mits satisfactory usc of the R-C coupled amplifier. 

Fig. 19-178 shows a simple mechanical system 
which, when struck in the direction of the arrow, will 
contain high-frequency vibrations traveling up and 
down the band as well as a low-frequency component 
in the pendulum motion of the mass M. 





Conrery Rev. Sek Instr. 
Fig. 19-179.—Basic requirements for the switching process. 


Fig. 19-179 is a schematic diagram of input switch 
mechanism which periodically refers the amplifier in- 
put to ground potential. Fig. 19-180 is a hypothetical 





Courtesy Rev. Soi. Instr, 
Fig. 19-180.—Step voltage applied across the terminals at 
T in Fig. 19-179. 


treatment of step function by input switch mechanism 
on R-C coupled amplifier. Fig. 19-181 is a comparison 
of hypothetical treatments of complex signal by direct 
and R-C coupled amplifiers. Fig. 19-182 is the sche- 
matic circuit of reference potential indicator. 

With reference to Fig. 19-178, the mass M is at- 
tached to a long, thin bar B, which, in turn, is securely 
clamped at C. Strain gages of the fine wire resistance 
type are cemented at G1 and G2. Suppose now the 
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Fig, 19-181—Comparison of hypothetical treatments 
comer gm by dest and RC cred ampie s 91 


mass M receives a sharp blow in the direction indi- 
cated by the arrow. Transverse waves composed of 
‘many frequencies will travel up the bar, be reflected at 
C, return to M, and be reflected again, ete. 

The mass M will acquire a certain velocity due to 
the impact and will execute slow, periodic motion simi- 
lar to a pendulum, The resistance change of the gages 
G1 and G2 will accurately follow the low- as well as 
the relatively high-frequency changes in strain at the 
point where the gages are located. 

However, an R-C coupled amplifier, handling the 
output of a Wheatstone Bridge in which the gages G1 
and G2 are connected, may not represent the true 
magnitude of the dynamic strain by reason of its in- 
sensitivity to the low frequency produced by the mo- 
tion of the pendulum. 

The signal is fed through the usual R-C coupled am- 
plifier from which the magnitudes of these low-fre- 
quency signals can be accurately estimated and at the 
same time retain all the information contained in the 
high-frequency components without resorting to 
direct-coupled amplifiers. This is done by chopping 
the input signal into regular intervals forming an 
asymmetric carrier which can be amplified Ьу ап К-С 
coupled amplifier. An electronic switch operated by a 
pulse generator performs the chopping process. 


Chopping Sequence 

The basic requirements for the switching process can. 
be demonstrated with the aid of Fig. 19-179. A step 
voltage such as that sketched in Fig. 19-180 is applied 
across the terminals at T. When the switch S is in 
position A, the amplifier receives the signal and nor- 
‘mal amplification takes place. Let this be the case for 
‘one millisecond. Then, the switch is moved to position 
B for Ye millisecond, which grounds the amplifier in- 
put and no signal is passed. 





Referring to Fig. 19-180, at the instant the step 
voltage is applied to the terminals at 7, the amplifier 
output voltage will indicate a level such as point PI. 
However, due to the R-C coupling networks in the 
amplifier, a gradual decay from this value will begin 
immediately after the point PJ is reached even though 
the steady voltage is still applied to the input terminals. 

The switch now goes over to position B, and, due to 
а small falling off from the position PZ, point 1b will 
bea little above the average output position, Neverthe- 
less, the total change in output voltage represented by 
the step P2 to 1b is the same as (a to P1. 

Continuing to point Za the switch is now returned to 
position A, and the amplifier will repeat the same step 
it received in position P1 but will start from the slightly 
lower zero position at 2a. 

Further decay is experienced from points P3 to P4 
so that when the switch 5 goes to position B again at 
3b, the zero level is still further raised, but the step 
from Pf to 3b is again the same magnitude as 0a to P1, 
if the d-c input voltage is still the same, If this process 
continued long enough, say for a second, the output 
voltage pattern would stabilize about some average 
position. 

When the constant potential is suddenly removed 
from the input terminals as is indicated at P8 on Fig. 
19-180, the step P8 to 7a is the same magnitude as 0a 
to P1. The amplifier output gradually recovers to the 
average position indicated by the dotted reference line. 
Consider next a complex input signal having both 
high- and low-frequency components present simul- 
tancously. This situation is sketched in Fig. 19-181. 
Here a step voltage has superposed on it a damped 
sinusoidal voltage. The switching process would then 
yield an output voltage as shown by the slotted curve 
fon Fig. 19-181. 





Circuit Considerations 


To accomplish the switching required at S in Fig. 
19-179, an electronic switch was tried, the schematic 
circuit being shown in Fig. 19-182 Vacuum tubes V1 
and V2 are operated as cathode followers, while V3 
and V4 compose a differential amplifier which will 
accept push-pull signals for amplification but cancels 
push-push signals. 

The differential action of tubes V3 and V4 is 
brought about by a cathode resistor of abnormally high 
resistance, common to both tubes. Normally, single- 
‘ended output is desired and these connections are indi- 
cated. On the screen grids of tubes V1 and V2 is ap- 
Plied a periodic negative pulse of sufficient amplitude 
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to make these tubes nonconducting. The frequency of 
these pulses is 1,000 cps, and their duration about 10-* 
second. 

‘The operation of the circuit is as follows: During the 
interval between negative pulses on the screen grids, 
the input signal will appear at the cathodes of VJ and 
V2. The signal is amplified by V3 and V4 and passed 
on to successive amplifiers and the oscilloscope. When 
the negative pulse on the screen grids of VI and V2 
prevents current from flowing in both tubes, the poten- 
tial of both cathodes is the same as that of ground, for 
there is now no voltage drop in resistors RI or R2. 
Furthermore, no signal is passed on to tubes V3 and 
ve. 

When tubes J and 2 are conducting, a bias volt- 
age many times the signal amplitude is present on the 
cathodes and is reduced to zero during the nonconduct- 
ing period, This large voltage change would disable the 
succeeding amplifiers and oscilloscope if permitted to 
get beyond V3 and V4 as a push-push signal and is 
cancelled. 

‘The circuit as shown can be used with either push- 
pull or single-ended input. In the latter case, the un- 
used grid is grounded. The pulse generator is synchro- 
nized with the output from a 1,000-cps electrically 
driven tuning fork. In order to keep the corners square 
on the interrupted signal as viewed on an oscilloscope 
screen, itis necessary that the amplifiers following the 
reference potential indicator have adequate high-fre- 
quency response. This is not excessively difficult to 
attain since the amplifiers are required to pass satis- 
factorily a pulse 10— second in duration with a repe- 
tition rate of 1,000 cps, which is not an unusually 
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19:182 To accomplah the ewitching required at Sis 
Fig, 19-179, an electronic switch circuit, shown here, was 


‘Educational Techniques” 


The cathode-ray oscilloscope may be used for ex- 
perimental demonstrations to prove basic radio prin- 
ciples. In a set of experiments devised by RCA for the 
education of radio servicemen, the oscilloscope has 
been used successfully to show the effects of tuned 
circuit adjustments and coupling. This information is 
necessary to an intelligent understanding of radio 
servicing. The following series of experiments, elimi- 
nating some purely lecture comments, were devised by 
RCA. 


Wave Analysis 

In part 1 of Fig. 19-183, an alternator is connected 
to a resistance load R. The voltage across the load is 
applied to the vertical input circuit of the oscilloscope. 
A shunt is placed in series with R and the signal source 
to permit current measurements. 





Conrtary RCA 
Fig. 19-183—Wave analysis using a vibrator and oxcillo- 
scope. 


Thus, by means of a single-pole double-throw 
switch, the oscilloscope can be used as an a-c ammeter 
or voltmeter. The low side of the oscilloscope is con- 
nected to one side of the shunt. With the switch thrown 
to B, the oscilloscope will measure the current flowing 
through the resistor; at A, the voltage across the re- 
sistor is measured. 

To determine the phase relations between voltage 
and current, both E and I waveforms must be received 


This material is based on some RCA lecture notes, Series 
Fall. 1935 en the “Cathode ray oscilloscope and t applica. 
‘to the study of tuned and coupled 7 The material 
been edited considerably and revised to bring it up to date 
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simultaneously. Holding the switch up to A to get the 
voltage wave and then down to B to get the current 
wave, and leaving it in the center as short a time as 
possible, t would be expected, doing this by hand, 
slowly, that something like part 2 of Fig. 19-183 would 
be obtained. 

Holding the switch down to B, part of the current 
wave would be obtained. Holding it up to A, part of 
the voltage wave would be obtained. Dotted waves 
would be expected. Changing the switch arm position 
and getting these dotted waves, the rate of change must 
be many times per cycle. Dotted waves would be ex- 
pected but actually would not be obtained because of 
the fact that on one cycle there would be a dot, on the 
second cycle there might be a space, and on the third 
cycle there might be a dash, etc., so that spaces on one 
cycle would probably be overlapped by the dots and 
dashes on the next cycle. It seems, then, that a fill-in 
would occur to develop a solid waveform line. Assum- 
ing a vibrator is used for switching back and forth, at 
the rate oí 78 times per second, using a high-frequency 
alternator, an overlap will occur to produce a solid 
line as in part 3 of Fig. 19-183. 

However, another effect must be considered to un- 
derstand the picture. In part 3 of Fig. 19-183, a third 
wave is shown dotted, caused by capacitance between 
contact A and the switch arm when the switch arm is 
in the center position. For high-frequency work, even. 
‘a small capacitance will serve as a path for current flow. 
Hence, when the contact of the vibrator is in the center 
position, it is expected that a solid line will be seen 
instead of a dotted line, as shown in part 3. 

Only the phase relation between voltage und current 
is of interest, and it would be confusing to have a third 
wave present on the oscilloscope screen. The vibrator 
circuit can be modified slightly by adding a high re- 
‘sistance between contact A and the movable arm, to 
short out the capacitance effect and eliminate the third 
wave at the time when the oscilloscope measures the 
current wave. When measuring voltage, the resistance 
is shorted out and does not affect the voltage wave. 

Another factor must be considered to interpret the 
various pattérns correctly. A frequency of 45 ke or 
45,000 cps is used for the phase-relation tests to show 
three cycles on the oscilloscope screen. The cathode- 
ray-tube beam moving horizontally must take one 
fifteen-thousandth of a second. As the three cycles will 
be repeated, it is necessary that the beam snap back 
and retrace the three cycles again. Therefore, the re- 
turn trace will be seen on the screen. In part 4, the 
light lines show the snap back of the current and volt- 
agewaves. 


Demonstration Setup Current and Voltage 
Phase Relation for Resistance 

Fig. 19-184 shows the demonstration setup used to 
show simultaneously current and voltage waves. In the 
‘upper portion of this figure is an auto radio type vi- 
brator, At the left is an r-f oscillator, with a 45-kc out- 
put. Therefore, we can show three cycles. A coupling. 
amplifier stage may be used, as shown in the lower 
part of the drawing, to build up the r-f output to a 
higher level. The amplifier output is impedance- 
coupled to the load R. The lower lead from the shunt 
is connected to the low side of the vertical input of the 
oscilloscope, The high side of the oscilloscope is con- 
nected to the center contact of the vibrator. When the 
vibrator arm B moves to A, the oscilloscope will show 
current wave, When the vibrator arm B moves to C, 
the oscilloscope will show the voltage wave. 





Conrtery RCA 
Fig. 19-184—Demonstration setup used to show, simulta- 
neously. current and voltage waves on the oscilloscope. 


Use of Ten Oscilloscopes 
Fig. 19-185 shows a hookup of ten oscilloscopes. To 
get sufficient voltage for operation, a special amplifier 
is necessary. This amplifier is resistance-coupled, us- 
ing a pentode power tube. Shielded leads are used to 
prevent picking up hum. For an r-f demonstration, the 
grounding of the shielding is removed to prevent the 
rf. from disappearing. Hum pickup is then removed 
by other mens such as placing an r4 choke and 
capacitor between the high side of the line and ground. 
A special r-f transmission-line system could be devel- 
oped to serve the same purpose. The source of r4 
power has a frequency of 45 lec, t 
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Courtesy КСА 
Fig. 19-185.—Hook-up of ten oscilloscopes for mass elec- 
tronic demonstrations. 


Demonstration No. 1 


The larger of the two waves is the voltage wave. The 
smaller wave is the current wave and the retrace lines 
are caused by the snap back of the “sawtooth” oscil- 
lator. The voltage-wave maximum occurs simultane- 
ously with the current-wave maximum. Since the 
maximum values occur at the same time, the voltage 
and current is said to be “in phase.” In a capacitive cir- 
cuit, the current leads the voltage by 90°. 


Demonstration Setup Current and Voltage 
Phase Relation for a Capacitance 


In this circuit a capacitor C replaces R, but the re- 
mainder of the previous circuit is used. The demon- 
stration circuit is shown in Fig. 19-186. 





my FCA 

y. 19-186—Demonstration for. current- 
уче 0 a 
Demonstration No. 2 


The voltage wave is the larger of the waves. The 
current wave is the smaller of the two waves. The 


retrace lines are caused by the snapping back of the 
“sawtooth” wave used for the timing axis. The cur- 
rent is a positive maximum at this point and the volt- 
age a positive maximum approximately 90° behind 
the current, The zero line is considered to extend 
through the center of this figure. It is seen that the 
current is a maximum when the voltage is zero. Time 
is in the direction from left to right; it increases as the 
cathode-ray-tube spot moves left to right. The current 
leads the voltage by 90°. 

The phase relations of current and voltage in a re- 
sistance and in a capacitance have been demonstrated, 
Next, we may show the inductive effect. In the case of 
‘an ideal inductance, the current lags the voltage by 90°. 
In a practical case, the current lags the voltage by 
something less than 90° due to inherent resistance, 
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Fi. 19-187 Demonstration setup for showing current- 
voltage relations ta an inductive creat 


Demonstration Setup Current and Voltage 
Phase Relations for an Inductance 


The same setup is used as before, except that induc- 
tance L is substituted for capacitance C. See Fig. 
19-187. Again two waves are portrayed on the cathode- 
ray-tube screen — the voltage wave and the current 
wave. The voltage wave is the larger. 

The inductance chosen has very low resistance, so 
that the current lags the voltage by almost 90°. 


Demonstration No. 3 


The voltage is a maximum when the current is zero. 
eis evident that the current lags the voltage in an. 
ductance by nearly 90°. The resistance of the circuit 
may now be increased to note the effect on the oscillo- 
scope. A 5,000-oym resistance is connected in series 
with the inductive component. The current maximum 
is reached much sooner than before arid the current 
lags the voltage by approximately 45°. 

The phase relations for resistance, capacitance, and 
inductance have been demonstrated. 





730 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


Resonant Circuits 


In the upper left of Fig. 19-188is shown an a-c gen- 
‘erator connected in series with an inductance L and 
capacitance C. At the upper right is an alternator in 
parallel with an inductance L and a capacitance C. The 
circuits are respectively series- and parallel-resonant 
types. In the series-resonant circuit, maximum cur- 
rent is drawn from the generator at resonance. In the 
parallel type, minimum current is drawn as resonance. 
Both types of resonance are used in radio receivers, 
both in r-f and af circuits. The coupled circuits in the 
lower left of the figure can be considered to be a com- 
bination of the two. If we consider the voltage induced 
by the primary in the secondary to be in series with 
the secondary inductance, the secondary circuit is con- 
sidered a series circuit. Since the alternator is con- 
nected in parallel with the primary, the primary circuit 
is a parallel-resonant circuit type. 


Ж Ж. 
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RESONANT CURVES. 


Courtary RCA 
Fig. 19-188.—Resonant circuit analysis. 


If resistance is present in these circuits, they will 
still be resonant circuits but will act differently than 
they would in the absence of resistive properties. The 
behavior of the circuits with reference to frequency 
may be determined by measurement of the current in 
the series-rgsonant circuit, the voltage across the par- 
allel-resonant circuit, or the voltage across the sec- 
ondary of a coupled circuit, as the frequency of the 
signal source is varied above and below the resonant 
frequency. 


Parallel Resonance 


In the lower right of Fig. 19-188 curve 1 is plotted 
to show the variation in voltage as a function of fre- 
quency. Taking a sufficient number of points and con- 





necting them, the curve is seen to increase to a maxi- 
mum point, such as A. The frequency at which maxi- 
mum voltage is developed, point A, is the resonant 
frequency. Many points are shown on the curve. 
Taking accurate readings for each one of the frequen- 
cies, determining the voltage, and plotting the curves 
by hand, would be laborious. Therefore, the oscillo- 
scope is more efficient. 

Curve 2 represents a resonant curve of a coupled 
circuit with the secondary tuned to a frequency such as 
C, which is different from the primary resonant fre- 
quency B. This type of curve may be encountered in 
alignment of radio receivers. To trace out the response 
‘curve automatically, a frequency-modulated generator 
is necessary. 


Description of a Frequency Modulator 

In Fig. 19-189 an f-m generator system is shown. To 
the left we see an a-c motor which is used to drive a 
shaft. On this shaft are two rotating elements; one is 
the rotating capacitor used as a sweep capacitor, and 
the other is an impulse generator. The rotating capac- 
itor is made in two sections so that one section alone 
can be used, or both sections can be used in parallel. 
More modern electronic frequency-modulated equip- 
ment could be used, but the fundamentals involved 
here should be understood since old principles and 
ideas have a way of cropping up again and again in 
revised form in new electronic equipment. Also, the 
electromechanical form of frequency modulator is well 
adapted to low-frequency operation, which was used 
in these experiments, perhaps more so than the higher 
operating frequency apparatus in common use today. 
If the equipment is available, a set of high-frequency 
experiments could be devised. At this writing, suffi- 
cient time is not available to carry forward such work, 
but it probably will be done in the future. 

But, to return to the description of this particular 
equipment, as the shaft rotates, the capacitance changes 
from a low value to a high value and from a high value 
toa low value. If a cable is connected from the jack on 
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the frequency modulator to the jack provided on the 
signal generator, the oscillator frequency is shifted 
from a high value to a low value and from a low value 
toa high value. As the capacitors rotate, the frequency 
of the oscillator is made to vary, first in one direction 
and then in the other. This is termed the reverse sweep 
method. 

On the right in Fig. 19-189 is an impulse generator. 
On the shaft there are two poles, which, when rotating, 
pass through the magnetic field of the electromagnet. 
When the poles are across the field, the air gap is small 
and a large amount of flux is present. When the poles 
are crosswise, there is little flux, Therefore, as these 
poles are rotated, the flux will change in amount and, 
in so doing, will link coils L1 and L2, inducing a volt- 
age in them, of the same frequency as the rotation of 
the sweep capacitors. This voltage is used to interlock 
the "sawtooth" oscillator with the sweeping capacitor, 
so that for each revolution the "sawtooth oscillator. 
can be kept in synchronism with the frequency modu- 
lation, 





Parallel Resonance 


At the top left in Fig. 19-190 is seen an idealized 
parallel-resonant circuit. Immediately below it is de- 
picted the practical case of  parallel-resonant circuit 
driven by a tube which may be considered as a gener- 
ator of an alternating voltage. In a practical circuit, 
such as this, itis of interest to know how the value of 
the voltage delivered by the secondary of the trans- 
former varies with frequency. To do this, we must, in 
some way, determine the voltage built up across the 
primary circuit of the transformer. The plate-circuit 
load for the tube isa parallel-resonant circuit. 





Connery RCA. 
Fig. 19-190—Amalysis of parallel resonant circuits. 


We can determine the values for the resonant fre- 
quency (90 ke) by first discovering how the currents 
vary through the capacitive and inductive branches and 
the value of the total line current at resonance. Calcu- 
lations may be eliminated by securing a visual repre- 
sentation with the oscilloscope. 


Demonstration Setup — Parallel Resonance — 
Line Current Versus Tank Current 


A low frequency is used to avoid oscillating or de- 
tuning effects. In Fig. 19-191, the test setup is illus- 
trated. A frequency-modulated generator is required. 
1t is of interest to examine oscillographically the line 
and tank currents. Shunts are used to permit measure- 
ment of the line and tank current. The r-f output wave 
of the circuit can be checked with the oscilloscope. 

First the line current, with no shunt in the tank cir- 
cuit, may be examined, and then further experiments 
can be conducted. 





Courtesy RCA 


Fig. 19-191. Setup for demonstrating parallel resonance 
and fe current versus tank current е 


Demonstration No. 4 


At resonance, the line current approaches zero, and 
at off-resonance the line current is larger. This ties in. 
with the theoretical curve. The line current may be 
viewed with the shunt in the circuit. The line current. 
has increased. The shunt, a resistor, causes losses 
which the line must supply. With the resistor in series 
with the inductance, a slight detuning of the circuit 
‘occurs, This effect will be further investigated later on. 


Demonstration No. 5 


The tank current is very large at resonance com- 
pared to the line current. Theory, therefore, is cor- 
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roborated without the necessity of a detailed mathe- 
‘matical analysis. It is evident that, in this setup, we 
may have a signal source supplying a parallel-resonant 
circuit with a current of only 1 ma, but inside the L-C 
circuit, circulating between inductance and capaci- 
tance, the current can reach a much larger value of 20 
ma. This is a resonant step-up effect characteristic of 
an L-C circuit of the type shown. 


Demonstration Setup — Parallel Resonance — 
Etfect of Parallel Resistance 


Ina previous figure, the resonant curve of a parallel- 
resonant circuit was shown. This was a calculated 
‘curve and showed the variation of the voltage across 
the circuit as a function of frequency. Considerable 
time is necessary to calculate this particular curve. 
‘Using the oscilloscope, the curve may be derived easily. 

In Fig. 19-192 is a circuit arrangement similar to 
that used to demonstrate line current and tank current 
in a parallel-resonant circuit. The output of the fre- 
quency-modulated oscillator is fed through the same 
amplifier that was used before, into a parallel-resonant 
circuit made up of capacitor C and inductance L, with 
resistance А in parallel. The voltage across this par- 
allel-resonant circuit is coupled to a diode detector for 
demodulation of the r-f signal to an audio signal. 





Certes RCA 
Fig. 19-1924- Circuit for demonstration of 
i. 191524 Circuit parallel resistance 


This signal is normally used in alignment of the r-£ 
or i-f circuits of a radio receiver. With no resistance 
їп parallel, the resonant curve is fairly sharp, and a 
high amplitude is obtained, These curves are taken 
with the reverse sweep method ; ¢hat is, the oscillo- 
scope plots one curve with increasing frequency from 
a low to a high value, and then a second curve from a 


high value of frequency back down to a low value. At 
resonance, these two curves are superimposed on each 
other. The presence of the second curve is indicated 
by a dotted line on the oscilloscope screen, two lines at 
each side of the base, as a resonant curve is never quite 
symmetrical on both sides of resonance. 

A 200,000-ohm resistor may be placed in parallel 
with the resonant circuit to determine the effect of cir- 
cuit loading. It is seen that the voltage across the сіг- 
cuit is decreased, and while the base of the curve is in 
the same position as before, the curve is much broader 
than the previous one. The effect of resistance across a. 
parallel-resonant circuit is to decrease the gain and 

Placing a lower resistance of 50,000 ohms in parallel 
with the L-C circuit, it is seen that the voltage across 
the circuit is extremely low and the response curve is 
also very much broader. In all the various tests with 
parallel resistance shunts, it is evident that the fre- 
‘quency of resonance has not changed. 


Demonstration Setup — Parallel Resonance 
with Series Resistance 

Tn Fig. 19-193 the setup is similar to that used pre- 
viously except that R is in series with the L and C 
components of the parallel-resonant circuit. 
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Courtesy RCA 
,, Fig; 19-193.— Circuit for demonstrating effect of resistance. 


in series with 


Demonstration No. 7 

In this demonstration, it is noted that there is quite. 
a sharp curve of high value, indicative of good selec- 
tivity and good gain. Placing in this circuit a series 
resistance of 5,000 ohms, the resonant curve value de- 
‘creases and it is apparent that the reverse sweep Curves 
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are not coincident, Some detuning is evident. In the 
demonstration of line and tank current effects, re- 
tuning of the circuit was necessary because of the in- 
sertion of series resistance in the parallel L-C circuit. 

To show the detuning a little better, it is necessary 
to increase the gain and thus obtain a larger and more 
easily visible pattern on the cathode-ray-tube screen. 
We can retune C and make the reverse sweep curves 
coincide. The amount of detuning in terms of fre- 
quency can be evaluated by resetting the oscillator and 
noting the departure from the original frequency value, 
rather than simply readjusting C, which would not of. 
itself indicate the frequency change. 

Basically, it is important to recall that when series R 
is placed in a parallel-resonant circuit, the frequency of 
resonance is affected. The gain is lowered and the 
selectivity reduced. 





Demonstration Setup — Parallel Resonance 
LC Ratios 


In a parallel-resonant circuit, a change in the L-C 
ratio has a definite effect on the resonant response 
curve, The test setup is shown in Fig. 19-194. This 
demonstration setup is similar to the previous one ex- 
cept that a parallel-resonant circuit with one combina- 
tion of capacitance and inductance, CZ and LZ, and 
another combination using different values, C2 and L2, 
is used. In the case of the first combination, the in- 
ductance is relatively large and the capacitance small. 
In fact, the inductance is 30 millihenrys and the capaci- 
tance is 100 paf. This provides a high L-C ratio. In the 
second combination, an inductance of 1.5 millihenrys 
and capacitance of 2,000 paf is used to obtain a low 
L:C ratio. 

Both of these combinations cause the parallel-reso- 
nant circuit to resonate in the vicinity of 90ke. 








Courtesy RCA 
Fig. 19-194.— Test setup for ting the effect of the 
L-C ratio on the response of a parallel tuned circuit. 





сонну RCA 
Fig. 19-195—Arrangement for testing coupled circuits, 


Demonstration No. 8 


‘The resonant curve is shown here. The broadness 
of the curve is evident so that we can compare it to the 
low L-C ratio resonant curve. 

The resonant curves for the two L-C ratios are 
shown in the lower part of Fig. 19-194, Using the 
high L-C ratio circuit, the selectivity curve is rela- 
tively broad, but the voltage at resonance is compara 
tively high, A narrower curve, more peaked, indicating 
greater selectivity, is obtained with a higher value of 
capacitance and lower L-C ratio. However, the in- 
creased selectivity is accompanied by lower gain and 
a reduced rise of voltage at resonance. 

In the drawing, the reduced gain of the circuit is 
compensated for by raising the vertical gain of the 
‘oscilloscope, so that both curves have approximately 
the same height ; nevertheless, the effect noted above 
with respect to loss of voltage as the L-C ratio is made 
less should be kept in mind. 

The test setup for coupled circuits is shown in Fig. 
19-195 The primary circuit is resonated at 90 kc, and 
the secondary is also tuned to resonate at 90 ke. In the 
first experiment, the two coils are separated by a great 


"distance D. A switch X, in the secondary, is so ar- 


ranged that the secondary circuit can be opened. When 
it is opened, the secondary circuit cannot draw energy, 
a condition equivalent to being withdrawn entirely 
from the circuit. The primary circuit may then be 
checked with the secondary circuit either open or 
closed, as desired, for experimental tests. 

With the secondary circuit open, the primary reso- 
mant curve is an ordinary one. The primary current 
causes the induction of a voltage in the secondary. This 
voltage has the characteristics of the primary voltage 
but is smaller in magnitude. With the switch in the 
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secondary circuit closed, the voltage developed across 
the primary remains unchanged because the secondary 
is remotely situated with respect to the primary. There- 
fore, only a small amount of energy can be reflected 
back to the primary. 

Viewing the secondary voltage, it is seen that it is 
much smaller than the primary potential. The sharp- 
ness of the response curve is determined by the con- 
stants of the secondary circuit. The induced voltage is 
very small because of the extremely loose coupling 
between the primary and secondary coils. 


Coupled Resonant Circuits — Voltages in 
Loosely Coupled Circuits 

‘The test setup is shown in Fig. 19-196, If the dis- 
tance between the coils is decreased, the coupling is 
increased and a larger voltage is induced in the sec- 
ondary circuit. A greater amount of energy is trans- 
ferred from primary to secondary. As the secondary 
is tuned to 90 kc, maximum transfer occurs at that 
frequency. 





SECONDARY OPEN SECONDARY CLOSED SECONDARY CLOSED 


Conrtery RCA 
Lit: 19-196 — Arrangement for testing loosely coupled cir 


If the secondary circuit switch is now opened, and 
current doesnot fow in the secondary coil, there is no 
flux linkage back on the primary, and the primary L-C 
circuit takes on the characteristics of a simple combi- 
nation of parallel L and C. 

When the switch is closed, the reaction of the sec- 
ondary on the primary is indicated by a dip in the 
response curve, and this is shown in Fig. 19-196. The. 
secondary response pattern does not show a dip effect, 
because the O is great enough to compensate for the 
primary circuit change. 





Courtery RCA 
Fig. 19-197 —Arrangement for testing medium-coupled cir- 
cuits, 


Coupled Resonant Circuits — Voltages in 
Medium-Coupled Circuits 


The test circuit is shown in Fig. 19-197. If the pri- 
mary and secondary coils are brought closer together 
so that they are only % as far apart as they were in the 
previous example, the amount of energy delivered to 
the secondary will be greatly increased, and so the 
effect of the secondary on the primary is very greatly 
increased. If the secondary switch is opened, the re- 
action of secondary on primary is virtually nil, If the 
switch is closed, however, the primary circuit resonant 
curve is now a letter "M" with a deep valley. The sec- 
ondary resonant curve is stil a smooth resonant curve 
without the valley in it because of the fact that the 
sharpness of resonance of the constants of the second- 
ary circuit more than compensates for the difference 
occurring in the voltage induced in the secondary 
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Coupled Resonant Circuits— Voltages in 
Optimum-Coupled Circuits. 


‘As the coils are brought still closer together, to % 
of the original distance apart, the primary circuit volt- 
age, with the secondary open, is, of course, the same 
as it was before. See Fig. 19198, When the switch is 
closed, the primary resonant curve has a very much 
deeper gash cut in it than it had previously and it is 
also broadened. Viewing the secondary curve, it is 
noted that the effect of the dip of the primary on the 
secondary is compensated for by the secondary circuit 
characteristics. However, the compensation is not com- 
plete. The secondary curve is beginning to flatten out 
at the resonant point. When this fattening begins to 
occur, the coupling at which it occurs is called "opti- 
‘mum coupling.” 


Sti ayo 
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SECONDARY OPEN SECONDARY CLOSED SECONDARY CLOSED 





Conrtety RCA 
Rit. 19-099 — Arrangement for testing, over-coupled cir- 
its, 


When the distance is reduced to % the original 
value, the primary circuit voltage is equivalent to that 
obtained with the secondary circuit open. See Fig. 
19-199, With the secondary closed, the dip in the pri- 
mary circuit voltage is very noticeable. Viewing the 
voltage of the secondary circuit, it is seen that the drop 
in voltage in the primary more than compensates for 
the secondary circuit reaction and a dip begins to form 
in the center of the secondary curve, at the resonant 
frequency. This is a so-called double-hump curve. 
When a dip appears in the secondary response curve, 
the primary and secondary are said to be over-coupled. 


Demonstration Setup— Pure Coupled Circuits 
‘The test setup is shown in Fig. 19-200. 
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Fig. 19-200.—Arrangement for testing pure coupled cir- 
cane. 


Demonstration No. 9 


In this experiment, as in the others where the sec- 
ondary circuit was open, there is no noticeable reaction 
on the primary circuit voltage and the curve of primary 
response remains unchanged with variations in sec- 
ondary tuning, (open circuit secondary condition). 
Closing the secondary circuit switches markedly 
changes conditions in the system. 

Patterns 2 to 5 of Fig. 19-200 indicate the effects of 
increased coupling; as the coupling is made greater, 
the reaction on the primary is increased, and the dip 
in the primary response curve becomes greater. 


Demonstration No. 10 

‘The rectified voltage resonant curves are shown in 
parts ó to 9 inclusive for the various degrees of coup- 
ling discussed before. 





Courtesy RCA 
Fig. 19-201 —Arrangement for testing coupled circuits with 
resistance. Я 
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Demonstration Setup — Coupled Circuits 
with Resistance 

The test setup is shown in Fig. 19-201. Resistance 
may be added to the coupled circuit system and the ef- 
fect noted on the cathode-ray-tube screen. Flattop 
response curves may be obtained with proper amounts 
of resistance loading of the tuned circuits. A frequency- 
modulated signal source is required to carry out the 
experimental tests. The coupling of the coils is varied 
to show the effect of different degrees of coupling be- 
tween primary and secondary circuits. Over-coupling 
is required to obtain the desired response characteristic 
in flat-top tuning systems or so-called band-pass tuning 
arrangements. 


Demonstration No. 11 


‘The coupling is increased to secure the over-coupled 
condition and the double-hump resonance curve is ob- 
tained, Placing a 50,000-ohm resistor in parallel with 
the primary circuit, the resistance loading removes the 
dip in the response curve but cuts the voltage too much, 





‘occurs, but it is not nearly as pronounced as it was in 
the absence of the resistive loading. 

‘As an experiment, removing the $00,000-ohm ге- 
sistor and installing in series with the primary сой а 
1,000-ohm resistor, we find that practically the same 
effect is obtained. With the 500,000-ohm resistance in 
parallel with the secondary, the dip is considerably 
Smaller than when the same value of resistance was 
placed across the primary. The same value of resist- 
ance has a greater effect when placed across the sec- 
ondary circuit than when placed across the primary 
circuit, 

Putting 1,000 ohms in series with the secondary, and 
removing the 500,000-ohm resistance from across the 
secondary, the same kind of curve is obtained, indicat- 
ing that either the primary or secondary circuits may 
be loaded by a series or parallel resistance. 

The most desired curve can be obtained, inthis series 
of experiments, -by placing an 1,800-ohm resistance in 
series with the secondary. The desired flat-top curve is 
thus obtained. This fat-top curve is broader than the 
optimum coupling curve, which means that better 
transmission characteristics may be obtained using this 
type of circuit arrangement. 

Panoramic Ultrasonic Analyser 


The Panoramic Ultrasonic Analyzer, Model SB-7, 
is a scanning heterodyne receiver which automatically 


measures the frequency and amplitude of ultrasonic 
signals. By means of a stabilized sweeping system, the 
instrament tunes repetitively six times per second 
through a 200-ke range in any part of a 10-ke to 300-ke 
band. As signals are tuned through, they appear on a 
cathode-ray tube as sharp vertical pips located hori- 
zontally in order of frequency. The heights of the pips 
indicate the relative magnitudes of their corresponding 
signals. A continuous over-all presentation of the spec- 
trum is obtained on a long-persistence cathode-ray- 
tube screen, Special control features enable selection 
and highly detailed examination of narrow bands which 
may contain signals separated by less than 500 eps. 


Direct Reading 


The indicating screen provides direct readings of 
frequency (X-axis) versus signal amplitude (Y-axis). 
The frequency scale is calibrated linearly through a 
range of 2:100 kc on either side of a center or zero ref- 
erence frequency, midpoint on the scale. The actual 
center frequency is indicated on a calibrated tuning 
dial which permits centering of any portion of the band 
between 10 ke and 200 ke. When the dial is set for a 
200-ke center, signals up to 300 kc can be observed. 

Accurate frequency indications are developed by a 
scanning system which provides driftless displays, con- 
stant linearity, stabilized scanning widths, coincidence 
between tuning dial and screen scale calibrations, and 
minimum warm-up time. 

Both linear and linear-log scales are provided. Selec- 
tion is made with a front panel switch. The linear scale 
covers a 10:1 range while the log scale range is 40 db. 
A fine attenuator control extends the over-all range to 
over 300:1 or 50 db. Thus signals having amplitude 
ranges as high as 300:1 can be simultaneously com- 
pared. 

Full-scale amplitude readings are possible with input 
voltages between 1 millivolt and 50 volts. Voltages as 
low as 100 microvolts can be measured when fed di- 
rectly to the analyzer input. Smaller voltages can be 
determined by applying them through an external 
linear preamplifier of known gain. Clear, sharply deli- 
neated displays are obtained by utilization of an amber 
light filter as the calibrated indication screen. Filter 
action further aids the presentation by reducing the 
effects of ambient light. 


Analysis of Adjacent Signals 


Resolution or the ability of separating individual 
signals for analysis is a function of two factors; the 
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rate of frequency scan and i-f filter bandwidth. Opti- 
mum resolution occurs when a definite relationship 
exists between the two. 

Resolution tends to sharpen as the scanning rate and 
the i-f bandwidth decrease. The scanning rate may be 
effectively diminished by increasing the scanning 
period or conversely by decreasing the spectrum width 
scanned in a given time. The latter method is accom- 
plished in the SB-7 with a logarithmically calibrated 
scanning width control. A calibrated resolution control 
varies the i-f selectivity. 

‘As the scanning width is progressively decreased, 
the deflections immediately surrounding center fre- 
quency spread across the screen while those at the 
‘outer edges move off scale. Somewhat improved reso- 
lution results. Optimum resolution, however, depends 
upon proper adjustment of the i-f bandwidth with the 
resolution control. 

Thus, the SB-7 is capable of detailed narrow-band 
analysis of signals which may tend to merge together 
Or even mask one another during maximum scanning 
width displays. A linearly calibrated center frequency 
control, permits centering of any group of signals, be- 
tween 10 ke and 200 kc, for such analysis. 


Applications 

The SB-7 provides a means for rapid analysis of 
ultrasonic vibrations in jet engines, electron tubes, 
ships, missiles or wherever speedy analysis of such 
vibration is essential. An important feature is that 
filter bandwidth remains constant as the spectrum is 
scanned, The instrument may be used for monitoring 
several telemetering sub-carriers simultaneously. 

‘Ultrasonic sources can be checked against standards 
for determining frequency and the effects of load 
changes, component variations, shock, humidity, and 
thermal changes upon frequency stability. Parasitic 
oscillations and other spurious oscillations and modu- 
lations are easily spotted and identified. Modulation 
characteristics can be quickly checked by simultaneous 
comparisons of carrier and sidebands. 





The instrument permits continuous monitoring of 
communications carrier systems for possible off-fre- 
quency transmissions, interference due to spillover, 
spurious modulation, or improper carrier frequency 
location. 

As a frequency selective voltmeter for determining 
the characteristic of lines and filters, the SB-7 elimi- 
nates spurious measurements due to harmonics. As a 
panoramic indicator, it reduces the time required for 
characteristic determination. 

The instrument can be used for harmonic and cross- 
modulation investigations since distortion products as. 
low as 50 db down can be evaluated. High resolution 
Capabilities permit direct measurement of cross modu- 
lation by comparison of sideband level versus carrier 
amplitude. Harmonics of the lowest fundamental fre- 
quency presented can be completely resolved through- 
out the entire scanned range. 

Fourier analysis of complex ultrasonic waveforms 
is rapidly provided in graphic visual form for research 
or instructional purposes. Presentations are easily in- 
terpreted, understood, and remembered. 

In general, the instrument may be used in ultrasonic 
spectrum amalysis, harmonic investigations, cross- 
modulation studies, filter and transmission-line checks, 
ultrasonic vibration measurements, medical studies, 
telemetering, and monitoring. 





Circuit Description 

The instrument consists essentially of an input am- 
plifer, a swept local oscillator, a balanced mixer fol- 
lowed by variable selectivity i-f amplifiers, detector, 
video amplifier, cathode-ray-tube indicator, associated 
sweep circuits, and a section for stabilizing the swept 
oscillator. The block diagram is shown in Fig. 19-202 
and the resolution characteristics in Fig. 19-203. 

The swept oscillator progressively heterodynes, in 
order of frequency with those signals at the output of 
the input amplifier (a phase inverter) to produce a 
sum frequency which is applied to the i-f section. A 
highly stable balanced modulator is employed which 
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Courtesy Panoramic Radio Corp. 


Fig. 19-203—Resolution characteristics of the Panoramic 
ultrasonic analyzer. 


eliminates spurious modulation products and prevents 
passage of the local oscillator frequency signal into the 
if section. The output voltage of the i. which is pro- 
portional to the amplitude of the scanned signal, is 
detected, amplified, and applied to the vertical-deflee- 
tion plates of the cathode-ray tube. The vertical deflec- 
tion appears at a definite location along the horizontal 
axis, according to signal frequency, since a common 
sawtooth voltage source is used for both the swept os- 
cillator and the horizontal deflection of the cathode- 
ray-tube beam. 

Oscillator sweep is obtained with a sawtooth-modu- 
lated reactance-tube circuit. Sweep stabilization is ac- 
complished by feeding the oscillator output to a stabili- 
zation circuit which automatically provides correction 
voltages to the controlling reactor tube. Thus stability 
of the oscillator center frequency, scanning width, and 
scanning linearity remain essentially independent of 
the behavior of oscillator ad reactor circuits, The scan- 
ning width is made continuously adjustable by con- 
trolling the amplitude of the modulating sawtooth. 

The i-f section consists of two variable selectivity 
stages followed by a tuned stage of fixed selectivity. A 
‘ganged control is used to vary the loading on the frst 
two stages, 


TRANSDUCERS” 

Basically, the cathode-ray oscilloscope is a device 

which plots one electrical voltage as a function of an- 
other. From this definition, it would seem logical to 
gets pee, 


Wed Es 


infer that the oscilloscope is exclusively a tool of the 
electrical or electronic engineer, And this assumption. 
would be correct were it not for the transducer. 

The transducer may be defined as any device which 
converts a phenomenon into a proportional electrical 
voltage, so that it may be displayed on the cathode-ray 
oscilloscope. 

The problem of selecting the right transducer for a 
particular application is an important one, and one 
which deserves considerable attention, if the best re- 
sults are to be obtained. Some points to consider in 
such a selection are: 


Method of Energizing 


The most desirable transducer is one which is a 
small, self-contained unit, requiring no bulky, external 
power supply. Thus transducers such as those employ- 
ing piezoelectric crystals, which generate the signal 
voltage without need for a power supply are in com- 
mon use for many applications. Should a source of 
power be essential, however, it is advisable to avoid 
the use of batteries, wet or dry, since these frequently 
fail or give rise to noise signals in the output at the 
most inconvenient times. 





‘Transfer Characteristic 


An important attribute of a transducer is the rela 
tionship between its input and output. In most cases 
this relationship should be a linear one, a certain 
change in the input producing a corresponding change 
in the output, whether this change be an incremental 
one or a large one. In some cases it is desirable to have 
‘a nonlinear relationship between input and output, as, 
for example, in measuring a phenomenon related to any 
of the human senses. The relationship between input 
and output then should usually be exponential, in order 
to conform with the Weber-Fechner law. In some cases 
it is desirable to have a logarithmic variation of output 
with input. An example of this is found where one must 
measure a very wide range of values, and display them 
all on the limited scale of the cathode-ray tube. 

Sometimes it is desirable to have a trigonometric 
relationship between input and output. For example 
one may be interested in displaying the relation be- 
tween some harmonic and linear motions which are 
sinusoidally related. 


Output Impedance 


If, for a given output voltage, one has the choice 
between low and high impedance in a transducer, low 
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impedance is to be preferred, particularly if the output 
leads have any considerable length from the transducer 
to the oscilloscope. High-impedance leads may be used 
since cathode-ray oscilloscopes, in general, have a suffi- 
ciently high input impedance that they will not load the 
usual transducer sources. But difficulty is encountered 
in long leads with extraneous electrostatic and mag- 
netic pickup, requiring careful shielding, which usually 
deteriorates the high-frequency response of the trans- 
ducer due to the capacitance loading of the shield on 
the transducer. 


Amplitude Range 


‘The amplitude range of a transducer should be such 
that it will not be exceeded by the phenomenon under 
test, If this is unavoidable, then the output of the trans- 
ducer should cut off in such a manner that it introduces 
no spurious signals. 

‘Transducers should also be designed so that off-scale 
readings will not injure the transducer or cause a 
change in its zero. This is a typical defect that occurs 
when the basic element in the transducer is a mechani- 
cal one having an elastic limit. 








Sensitivity. 

It is desirable to have the output of the transducer 
sufficiently high that it may be applied directly to a 
medium-gain oscilloscope without the necessity of pre- 
amplifiers, 


Frequency Response 

Just as in the design of vacuum-tube amplifiers, a 
qood transducer should have a frequency, phase, and 
amplitude response sufficient to display the phenome- 
non under study without distortion. 


Mounting Methods 

The most convenient and most widely applicable 
transducer would be in the form of a probe which could 
be hand-held and inserted into or touched to the ob- 
ject being tested, Probes are convenient for determin- 
ing the time of occurrence or the waveshape of some 
devices, but inconvenient when reproducible measure- 
ments are to be made. A wide variety of attachment 
‘means may be used for transducers. 


(Other Important Characteristics 


The weight of the transducer should be kept to a 
minimum, since, although a transducer may be de- 


signed for measuring the vibration of a massive object. 
such as a beam, it will sooner or later be found desir- 
able to use it for relatively light structures. The size 
of the transducer should be kept to a minimum for rea- 
sons similar to the above, Therefore, the use of sub- 
miniature tubes is indicated wherever possible. The 
shape of the transducer should be such that it can be 
mounted conveniently with screws, for example, or 
held by chemical clamps for the sake of versatility. The 
direction of response of the transducer should be taken 
into account, since in some cases it is desirable to ob- 
tain pickup in a preferred direction to the exclusion of 
others. Some types of transducers, for example, mag- 
netic coils, have relatively poor directional character- 
istics in this respect. 

A transducer should be designed so as to be capable 
of continuous operation under the conditions of use 
without changing its calibration or without deteriora- 
tion. For example, Rochelle salt crystals and photocells 
are not capable of long operation under high ambient 
temperatures and most types of gas-filled photocells are 
subject to fatigue. 





Additional Requirements 


Because of the fact that oscilloscopes are potentially 
capable of displaying much more information than 
other types of recorders, the use of an oscilloscope with 
a particular transducer frequently shows up previously 
hidden defects in the transducer's output. For example, 
a microphone used with a sound or film recorder may 
give perfectly adequate recordings of the peak ampli- 
tude of the wave, which is essentially what the ear re- 
acts to. Upon examining the individual waveshapes 
closely with the oscilloscope, all sorts of distortions and 
phase shifts in the recorded wave may be seen. Many 
‘transducers are not properly damped for the frequen- 
cies one is interested in studying. This gives rise to 
under- or over-shoots in the oscilloscope pattern. One 
of the best single tests of the frequency-response damp- 
ing, and phase-shift characteristics of a transducer is 
the application of a single step function to it. This 
should be made part of the final test for a transducer 
before it is put into use. Examination of the output 
with an oscilloscope will usually show up defects in the 
shielding of many transducers. The pickup requiring 
shielding is usually some multiple of the power-line 
frequency, and not does appear on the average recorder. 
which either does not respond to this frequency or in- 
tegrates the frequency in order to read only the aver- 
age, rms or Slowly varying value of the phenomenon, 
‘A meter, for example, reading the output of an unfil- 
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tered power supply will read only the average d-c 
value; an oscilloscope will show the ripple in the out- 
put. The same considerations hold for the signal-to- 
noise ratio of most transducers. In the case of a low- 
level transducer, such as a pyrometer thermocouple, a 
perfectly satisfactory reading is obtained on an ordi- 
пагу meter, but the oscilloscope shows all the thermal 
agitation noise which obscures the output reading. In 
general, it is desirable to choose the transducer such 
that the signal-to-noise ratio is high enough that gain 
may be reduced in order that the noise level is limited 
toa value of about the width of the trace on the cathode- 
ray tube. It is possible in some cases to use long-per- 
sistent screens or photographic methods to integrate 
the noise from a repetitive pattern. 


Types of Transducers 


Transducer» may be divided into the following 
classifications: 


Resistive 


The simplest type of transducer is a linear resistor 
whose resistance ıs made to change in some manner 
by the phenomenon under study. The most convenient 
method of obtaining the change in resıstance is to make 
the resistor a part of a potentiometer or rheostat which 
is, for example, mechanically coupled to a machine. 
ig. 19-204 shows such a typical resistive transducer, 
designed for measuring the aperture or “shed,” be- 
tween certain crossed threads on a loom. The right- 
angled foot with upturned edges rests upon a group of 
threads and reads their average position by varying the 
resistance of the potentiometer. It is usually convenient 
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Fig. 19-204.— Typical resstive transducer for measaring the 
shed aperture on а loon, 





* Courtery Dw Mont Labs 
of shed-aperture versus time, ob- 


Fig. 19-205 —Oscilogram 
tained by use of transducer of Fig. 19-204 


to use direct current for energizing the potentiometer, 
although alternating current may be used if only an a-c 
amplifier is available, or if no source of d-c is available, 
The lime-voltage output available on standard oscillo- 
scopes 1s convenient for this purpose. Fig. 19-205 
shows a typical shed aperture versus time curve ob- 
tained from this transducer. Angular timing markers 
have been superimposed on the pattern by means of 
beam modulation. 

Potentiometers suffer from the defect that, at high 
frequencies, the potentiometer arm tends to bounce 
from wire to wire of the card, giving rise to discontinu- 
ities in the output. This can be eliminated in some cases 
by a shunting capacitor, but this tends to cause phase 
shufts in the output, Carbon potentiometers may also 
be used, but these tend to wear out rapidly with con- 
tinuous use. A better solution is the use of single slide 
wires for the potentiometer. Such slide wires are 
capable of being made as long as desired or arbitrarily 
shaped to fit a particular machine disposition. 

Resistive transducers need not be wires, For ex- 
ample, a humidity transducer has been made by using 
a strip of cotton fibers impregnated with a saline solu- 
tion, which either effloresces or deliquesces, depending 
upon ambient humidity. Such a sensing element has 
been used in meteorological balloons to determine cloud 
heights. Nonlinear resistors also form suitable trans- 
ducer elements in many cases. The strain gage is an 
example of such a transducer. The cross section of the 
gage wire, which is closely bonded to an element whose 
strain is being measured, changes with extension or 
compression of the measured member, resulting in a 
variation in electrical output. Such strain gages have 
been either bonded directly to objects being measured, 
such as girders or incorporated upon extensible gage 
elements. One defect of resistance strain gages is that 
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the percentage of change in resistance with elongation 
is small and this requires the use of a balanced bridge 
to avoid stray pickup, and the use of carrier signals to 
obtain high amplification with tuned amplifiers. D.c. 
may be used where careful attention is paid to the 
shielding and where large signal amplitudes are ex- 
pected. The frequency range of this type of transducer 
is normally of the order of a few kc. Recently developed 


types of conductive rubber (U. S. Rubber Company) ` 


show some promise in the design of nonlinear resistive 
transducers capable of wider ranges of elongation. 
When using a bridge type of strain gage carrier modu- 
lator, it is desirable to know whether the unbalanced 
output indicates compression or extension of the gage. 
This may be done conveniently by marking a particu- 
lar portion of the carrier phase witha blanking dot. The 
carrier then has a dark or bright line on the top or 
bottom half of the wave for compression or extension. 

Coil springs which unwind progressively, one coil 
‘at a time, have been studied by the National Bureau of 
Standards, and appear to be capable of use as nonlinear 
resistors over a wide range of amplitudes and resist- 
ances. 

‘Varistors are another type of resistive element which 
change in resistance, depending upon the impressed 
voltage or current. These are useful as current or volt- 
age transducers over a wide range of magnitudes in 
order to display over-all values on the face of the tube. 

‘Thermistors are similar variable resistances which 
change value with temperature. These are, therefore, 
capable of use as sensing elements for changes in tem- 
perature. They also are more sensitive in bridge cir- 
cuits. Various effects other than temperature may be 
measured by means of the change they produce in the 
temperature of some object. For use with an oscillo- 
‘scope, a thermistor to measure temperature may merely 
be connected between the input of the oscilloscope and 
а source of supply voltage applied through a resistor 
whose value is made as high as practicable, consistent 
with the amplification of the oscilloscope and the pickup 
encountered. The supply voltage may be either d.c., a 
carrier frequency, or the 60-cps test signal supplied by 
the oscilloscope. Thermistors may be obtained with 
time constants due to thermal lag of as low as e 
second, 

Switches are convenient transducers for many oscil- 
loscopic tests. Vibrating switches are sometimes useful 
as choppers for a d-e signal, in order to enable its am- 
plification through an a-c coupled amplifier. This use 
ja in general limited to very low frequencies, however, 
where the advantage of the oscilloscope is not so ap- 
parent. At high frequencies, the switch cannot be made 





to operate efficiently and electronic switches must be 
used. Switches are also useful to produce markers upon 
the trace indicating the instant of operation of some 
portion of a machine. By means of differentiating and 
integrating circuits, the pulses from various switches 
may be given different waveshapes or characters in 
order to enable a large number of phenomena to be 
displayed upon a single time base. 

Electrostatic Transducers 

A variation in capacitance may also be used to pro- 
duce an electrical signal. From the formula Q = CE, 
either Q, C, or E may be changed to produce an indi- 
cation on the oscilloscope. One of the first transducers 
used was the condenser microphone. This consists of 
a thin diaphragm vibrated by the sound which has a 
capacitance to the grid of a vacuum-tube amplifier. 
With a charge on the diaphragm, its motion induces a 
resultant motion of the electrons to and from the grid 
of the tube giving rise to the voice modulated signal, 
This effect increases in sensitivity as the spacing is 
made smaller and increases with the applied voltage. 
This effect is, therefore, most suitable for small spac- 
ings. Vibrating reed capacitors, in conjunction with 
a-c operated amplifiers, have also been used to amplify 
d-c signals which are impressed upon the capacitance, 
Capacitors have been used as transducers in oscillators 
whose frequency is varied by the capacitance, The os- 
cillator frequency may be varied by the space between 
the plates measuring a distance or by the change in the 
dielectric constant or dipole moment of the substance 
between the electrodes. 

Capacitors cut in special orientations are also used 
as transducers in sweep frequency generators, in which 
the rotation of the capacitor or displacement is made a 
function of the desired frequency. Specially cut capaci- 
tors of this type have also been used as continuously 
variable phase shifters for cathode-ray-tube presenta- 
tions. Such transducers can be made to have a phase 
shift which is accurately proportional to the angle 
through which a shaft is turned. 

Another type of transducer which may be classified 
here is the mechano-electronic transducer. This pro- 
duces a variable output depending upon the position of 
magnetically variable plate in a triode tube. This 
transducer is quite sensitive to small angular or linear 
displacement but suffers from the defect mentioned 
above, that when its elastic limit is exceeded, which can 
be done quite readily, it does not return to zero. The 
frequency response of this unit is of the order of 12 ke. 
‘Many phenomena can be converted to a mechanical 
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displacement and, therefore, measured with this trans- 
ducer. 


Electromagnetic Transducers 
A coil moving in a magnetic field can obviously be 
used as а source of electrical voltage. This voltage is 
"usually proportional to the velocity or rate of change 
of the motion and, therefore, requires integration in 
order to produce a true indication of displacement. 

Another type of magnetic transducer depending 
upon the motion of a moving permanent magnetic field 
and a stationary coil is a two-phase a-c generator used 
to transduce rotational speed. The a-c output of this 
pickup is accurately proportional to the speed of its 
center shaft. The generator has two phases which are 
90* apart and is, therefore, useful in generating a 
circle on a cathode-ray tube which rotates at the same 
speed as a machine to which it is coupled, giving an 
automatically synchronized circular sweep, 

There are many types of magnetic transducers. A 
simple coil can detect the motion of most ferrous ob- 
jects due to their residual magnetism. The character- 
istics of a ferromagnetic material are not usually al- 
tered for industrial purposes if itis magnetized in order 
to enable electrical pickup of its motion, For example, 
a steel projectile may be magnetized and its time of 
passage through two coils generate two marker volt- 
ages which enable an accurate determination of the 
shell's muzzle velocity. In a similar manner to that for 
capacitor transducers, a variable coil may be made the 
frequency-determining element in an oscillator, If de- 
sired, the oscillator may also be varied over a range of 
frequencies and the response of the part under test 
noted to be compared with a standard material. In 
order to obtain a linear response from а variable-coil- 
determined oscillator, the output is generally detected 
using a detector operating on the linear portion of the 
response curve of the output transformer. 

Most types of transformers can be used as electro- 
magnetic transducers in one fashion or another. A 
variometer whose output is proportional to some func- 
tion of its angle may be used to detect the motion of 
some object or machine. The common selsyns may be 
used as such transducers with the restriction that the 
output is a sinusoidal function of the angle through 
which the shaft is turned. A particularly useful type of 
transformer transducer is the differential transformer. 
‘These transformers are available in a wide variety of 
shapes and capacities. They consist of a single primary 
and two symmetrically wound, opposed secondaries. 
‘These transducers may be uged, for example, to detect 


slight changes in some material capable of producing 
an inductive effect, If the material is uniform and the 
transformer balanced for zero output, then the output 
will remain zero unless a change in the characteristics 
of a portion of the material running through the trans- 
former occurs. This particular transducer will work 
just as well on magnetic and nonmagnetic metallic 
materials. The nonmagnetic materials act as shorted 
turns, which have identical effects on both ends of the 
transformer. This type of transducer can also be used 
‘as a position transducer in which a slug of material is 
brought closer to one coil than another. It can also be 
used to detect changes in the thickness of materials by 
placing one end of the transducer against the material 
and having it run past. 

Saturable reactors of various types can be used as 
transducers for small currents or changes in reluctance 
to produce relatively large voltage changes which are 
capable of display on oscilloscopes. Such saturable re- 
actors generally have a rather poor frequency response 
for oscilloscopic purposes, but have the advantages of 
great ruggedness for industrial applications and the 
fact that they do not require any vacuum tubes for their 
operation. 

Magnetic field-strength detectors are frequently de- 
sired to measure the strength of a steady or d-c mag- 
netic field in space. This is difficult to do in a continu- 
ous fashion. One simple method is to rotate a coil in 
the field and measure on an oscilloscope the peak value 
of the induced voltage. The value of the field can then 
be calculated from an observation of the variation of 
the output with the angle of the coil on the oscilloscope. 
The cathode-ray tube itself can be used as a d-c mag- 
netic probe but is usually relatively large for this 
purpose. 

A small magnetic transducer accomplishing the de- 
sired variation of output with magnetic field intensity 
is the magnetically controlled diode. This is a simple 
diode in which the variation of plate current with am- 
bient field intensity is roughly linear over a certain 
range. This can be used, for example, as a position 
transducer by having the position of a small bar or 
horseshoe magnet in the vicinity change its position 
with respect to the tube. It may be used as a pressure 
transducer too, for example, by attaching a small mag- 
net to the end of a Bourdon tube placed near the diode. 


Piezoelectric Transducers 


The piezoelectric erystal is one of the earliest forms 
of transducers. Either natural or synthetic crystals may 
be used. The natural crystals have the advantages of 
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very low leakage which with an electrometer input en- 
ables the measuprements of very slowly varying pres- 
sures, These natural crystals, however, have the dis- 
advantage of very low sensitivity. The natural crystals 
are to be preferred where very hard usage is to be en- 
countered, or where high temperatures or sudden 
shocks occur. The synthetic crystals have the advan- 
tage of very high output for a given displacement, 
pressure, or strain but these are usually temperature 
sensitive and are not as capable of withstanding high 
applied forces without fracture, The natural crystals, 
in general, have a higher frequency response, while 
synthetic crystals may be made quite large and, there- 
fore, can be used, for example, as frequency-determin- 
ing elements in relatively low-frequency oscillators. 

‘A new class of synthetic materials such as the barium 
titanates has recently become commercially available, 
and has been very widely used in phonograph pickup 
transducers, This material has the advantage for trans- 
ducing, that it may be readily formed into special 
shapes which make it adaptable, for example, to the 
design of hemispheric-shaped sound transducers for 
concentrating their attention upon a small area at the 
focus of the sphere. These synthetic materials are also 
relatively fragile and temperature-sensitive. 





Thermoelectric Transducers 


‘The thermoelectric effect is another capable of being 
used for transducers. The thermocouple or the optical 
pyrometer, in which the image of the furnace is focused 
upon the thermocouple are two examples. The diffi- 
culty with most thermocouples is their heat lag, which 
rules them out for any high-frequency heat changes. A 
photocell pyrometer is usually to be preferred, if the 
temperature is such that the photocell effect can be 
used. 


Photocell Transducers 


‘The photocell is probably the most versatile trans- 
ducer known. A photon causes the least loading upon 
the source, compared to any other transducer effect. 
Photocells of the barrier layer type, such as the Weston 
Photronic Cell, have the disadvantage of low voltage 
sensitivity and poor frequency response, but have the 
advantage of very good stability for industrial appli- 
cations, Resistive photocells, such as the selenium type, 
which are too unstable for direct calibration, and the 
gas or vacuum field photocells which are subject to the 
"usual gas oscillations and fatigue are to be avoided in 
general. Vacuum photocells are most suitable for oscil- 
loscopic use. They may be obtained in a range of sensi- 
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ig. 19-706.—Oscillogram indicating camera shutter open- 
ing versus time, obtained by use of a photoelectric transducer. 


tivities from the small probe-type 1P42 units, to the 
high-sensitivity multiplier photocells. In designing a 
photocell transducer for oscilloscopic use, account 
should be taken of the electrode capacitance of the 
photocells, since the high-value load resistors used with 
the cells may be shunted appreciably, even at fairly 
low frequencies. Care should also be taken in designing 
the light sources for photocells so that even illumina- 
tion for the cathodes is provided to avoid variations in 
signal resulting from variations in sensitivity of por- 
tions of the cathode surface. The obvious applicati 
for a photocell on the oscilloscope is to show light out- 
put versus time curves. A typical curve of shutter 
opening versus time is shown in Fig. 19-206. 
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Fig, 19:397. (А) Base Made troi (B) enden armaque 
ment for scanning талог Бабе игі 
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It is frequently convenient to scan zn object, outline, 
or surface, using photocells. Fig. 19-207 illustrates 
such an instance. Here, the outlines of razor blades 
which are prepared in a continuous strip are examined 
by moving them past the photocell. Fig. 19-207B shows 
the optical setup for scanning the razor-blade edges 
using a microscope to magnify the images and a slit for 
examining a small portion of the edge at any instant. 


S 
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Fig. 19-208.—Orcillogram showing razor-blade edges, some 
of which are nicked. 





Fig. 19-208 shows a typical oscillogram made from 
razor-blade edges, revealing a number of nicks and 
other defects. Fig. 19-209 shows another photocell 
scanning method for testing a rotating gear, in which 








Courter Du Mont Labe. 
Fig. 19-209—Optical setup for inspecting gear teeth. 
the optical system is so arranged that the output of the 
photocell is proportional to the height of each gear 
tooth above the base circle of the gear. Fig. 19-210 
shows a typical oscillogram showing the waveshape 
from a number of teeth, two of which are defective. 
With a more rapid sweep, synchronized with the repe- 
tition rate of the gear teeth, we obtain the patterns of 
Fig. 19-211, enabling the comparison for congruence 

of all the teeth, 
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Fig. 19-210—Oscillogram made from setup of Fig. 19-209, 
showing that two of the gear teeth are defective. 





m—M 

Fig 19-211.—More rapid sweep enables comparison of pat- 
terns for congruence of teeth, Top left, perfect gear; tp ight, 
Eccentric hakt; below, irregular teeth. 





Семиз и Мом Ілім, 
Fig. 19-212— Experimental setup for tracing H and D 
carves. 
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Tn photography it is desirable to draw automatically 
H and D curves, illustrating the variation in density of 
sensitometric strips. It is desirable also to obtain this 
information indicating how this density varies during 
development. Fig. 19-212 shows an experimental setup 
for H and D curve tracing of a circular strip rotated 
together with a mechanically linked potentiometer used 
as an angle transducer. A photocell operating on non- 
actinic light is used to pick up the reflectance of the 
paper sensitometric strip. Fig. 19-213 shows two sets 
of typical H and D curves obtained during develop- 
ment, 
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Fig. 19-213—Two sets of typical H and D curves obtained 
during paper development. 


‘An oscilloscope and photocell offer a convenient 
combination for plotting the light-distribution curves 
of various surfaces. Fig. 19-214 shows such a typical 
light-distribution curve in polar co-ordinates made on 
a Du Mont Type 275-A Polar-Co-ordinate Indicator. 

A convenient method of scanning surfaces is a 
brating mirror. This mirror is mounted on a tuned 
resonant reed, oscillating at the power-line frequency. 
Fig. 19-215 shows typical light-distribution curves 
‘made in this manner, from glossy and matte surfaces. 
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Fig. 19-214—Typical polar-co-ordinate light distribution 
pattern, 








19-215.—Two superimposed light distribution curves, 
‘one from a matte surface, the other from a glossy surface. 


The X-Y presentation on a cathode-ray oscilloscope 
enables the simultaneous presentation of two values, 
which is of advantage in a particular photocell applica- 
tion which presents both the brightness and color of a 
surface as indicated by the X-Y position of the spot on. 
thecathode-ray tube. This is similar to the I. C. I. pres- 
entation of color co-ordinates, except that the color 
primaries have been chosen arbitrarily. Fig. 19-216 
shows schematically the type of connections required 
for the three photocells, two of which read color, the 
third one luminosity. 

The above-mentioned applications which have nec- 
essarily been considered briefly, show a wide range of 
problems to which photocell transducers have been ap- 
plied. These illustrations represent only a small frac- 
tion of the potential ones. 
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Fig. 19-216—Schematic diagram of connections 
toc tee Жей two reading elt and эм reading ал 


Choice of Transducers 


As should now be obvious, for any particular appli- 
cation, one has the choice of a wide variety of trans- 
ducers or a wide variety of electrical or related effects 
to choose from in measuring any phenomenon. In 
choosing the best transducer, the points mentioned at 
the beginning of this article: method of energizing, 
transfer characteristic, output impedance, amplitude 
range, sensitivity, frequency response, mounting meth- 
ой, size, weight, shape, durability, and signal-to-noise 
ratio should be considered in order to obtain optimum 
results, Let us apply some of these criteria to the meas- 
urement of typical phenomena, which arise similarly 
in many related fields, in order to determine which 
type of transducer would be most suitable. 


Displacement 


Displacement may be measured by means of a slide 
wire, or a differential transformer; or a seismic sus- 
pension might be used with a piezocrystal. However, 
if the above methods load the source excessively, it 
may be desirable to use a photocell and optical system. 
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Vibration 

Similarly to displacement, vibration may be meas- 
tured photoelectrically, piezoelectrically, magnetoelec- 
trically or electrostatically. The most convenient meth- 
‘od will depend upon the conditions of the particular 
problem. 
Light 

The only suitable method for measuring light for 
oscilloscopic purposes is by means of a photocell. 
Temperature. 5 

‘Temperature could be measured by means of the 
thermoelectric effect, a thermistor, or a photocell. 
Again the photocell is to be preferred if rapid changes 
are expected or if the temperature is such as to radiate 
detectable wavelengths. 


Pressure 
Pressure may be measured by means of strain 
gauges, by the gas-tube transducer, or by means of a 
photccel! and diaphragm-actuated mirror. 
Humidity 
Humidity, as indicated above, can be measured either 
photoelectrically by means of a mirror upon which con- 
densation takes place, or by means of a variable resist- 
ance salted fiber. 


Vapor Pressure 

Vapor pressure might be measured by means of the 
Toricelli vacuum displacement, either with a photocell 
or by having the mercury column control and oscil- 
lator, or the output of a differential transformer. 
‘Sound 

Sound may be measured by a diaphragm actuating 
a magnetic, electrostatic, or photoelectric transducer. 
‘Strain 

Strain may be measured either resistively, capaci- 
tively, or magnetically, 
Torque 

Torque may be measured magnetically by the Cox 
torque transducer which consists of two spring-coupled 
rotating masses, magnetically coupled. Variation of 
torque causes a relative motion of the masses which 
gives rise to an electrical signal. Torque may also be 
measured photoelectrically. The bar or shaít whose 
torque is to be measured has connected to it two crossed 
polaroids, with a light beam to a photocell passing 
through them. Torque in the bar causes a twist of the 
polaroids which gives rise to sinusoidal variation in 


CHAPTER 20 
COMPLEX WAVEFORM PATTERNS 


In the design and development of electronic equip- 
ment, the voltages and currents encountered will, in 
many cases, be nonsinusoidal. In almost all cases, the 
oscilloscope will be used for visual observation of the 
waveform of these voltages and currents. The nonsinu- 
soidal or complex waveform may represent signals that 
‘are not desired, as in the case of distortion in an ampli- 
fier ; or it may be the normal type of signal for a partic- 
ular circuit as the waveform of a musical sound. In 
either case, the nonsinusoidal waveform can be repre- 
sented by the sum of a number of pure sine waves, con- 
sisting of a fundamental and harmonic frequencies, 

The harmonic content of a complex wave can be 
determined by several different methods, among which 
are the use of the Fourier series and harmonic wave 
analyzers, or comparison with a complex wave which 
has been synthesized and whose harmonic content is, 
therefore, known, The last method is the one that will 
form the basis of this chapter. 

The use of the Fourier series to determine the har- 
monic content of a complex wave is usually rather 
laborious except in the case of waveforms that are 
regular in shape, as square-wave, sawtooth, triangular 
and similar waveforms, when the wave can be ex- 
pressed by familiar mathematical functions. These 
waveforms have all been analyzed by the use of the 
Fourier series, the results of which can be found in any 
text or handbook. For the analysis of irregular waves 
such as the distorted output of an amplifier, graphical 

“methods can be used to obtain the coefficients of the 
Fourier Series. In either case, the amplitudes and phase 
of the harmonics present in the wave will be obtained, 
but the time required for the necessary calculations will 
impose limitations upon the Fourier method of wave 
analysis. 

The use of a harmonic wave analyzer has the advan- 
tage of greatly reducing the time required to obtain the 
amplitudes of the harmonic components of a complex 
wave, as compared to the Fourier method. There are 
two general types of harmonic wave analyzers; they 
are the mechanical and the electrical type. The mechan- 
ical type requires a drawing of the complex wave, so 
that a pointer of the analyzer can trace the wave. The 
electrical type operates directly from the signal itself 
which is fed into the analyzer. The mechanical analyzer 
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is not as fast as the electrical type but will determine 
both the amplitude and phase of the harmonics, where- 
as the electrical analyzer will determine only the am- 
plitude of the harmonics. Another difference between 
the two is that the mechanical analyzer is not limited. 
by the frequency of the wave as long as a drawing of 
the waveform can be obtained. The electrical analyzer, 
on the other hand, is limited to a frequency range that 
‘the necessary internal circuits will handle, which for 
present-day electrical harmonic wave analyzers is the 
a-f range. There is one feature that both the mechanical 
and electrical type of analyzers have in common ; they 
are both fairly expensive and not always readily 
available. 

Ina great many cases where harmonic wave analysis 
is required, the time and/or cost involved of the two 
methods mentioned above will be prohibitive, It is 
mainly for these cases that the waveform patterns in 
this chapter have been prepared, though, undoubtedly, 
many other uses will be found for these patterns. 

The synthesized waveform patterns have the advan- 
tage of being quick and easy to use and do not require. 
any special equipment other than an oscilloscope on 
which the signal is observed. They show the effect of 
both amplitude and phase changes at a glance. Intervals 
between amplitude and phase changes are small enough 
so that intermediate values may be readily obtained by 
interpolation. The number of different harmonic com- 
binations shown have been limited to those which ap- 
pear to be most useful and likely to be encountered in 
actual practice. It can be seen that, theoretically, an 
infinite number of patterns are possible, since both the 
number of harmonics possible and the number of com- 
binations of various amplitudes and phases are both 
infinite. Actually, however, the shape of any complex 
wave is determined mainly by a few low-order har- 
monics, and the number of possible phase-amplitude 
combinations can be reduced to reasonable numbers 
by using discrete intervals. 

It may be interesting to note here that all the wave- 
form patterns shown in this Chapter are actual photo- 
graphs of oscilloscope patterns. This may not be ap- 
parent, since they were printed in reverse colors ; that 
is, black on a white background instead of white on a 
dark background as the pattern would normally appear 
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on the screen of the cathode-ray tube. This was done 
to facilitate make-up of this particular part of the book, 
but does not in any way interfere with the usefulness 
of the pattern. The waveforms were obtained by gen- 
erating the fundamental and harmonic frequencies with 
the necessary phase and amplitude relationships, mix- 
ing them and applying the resultant signal to the input 
of an oscilloscope. The pattern on the oscilloscope was 
then photographed for each desired combination. The 
apparatus used to generate these complex waves will 
be described alittle further along. 


Use of Wavelorm Patterns 


‘The complex waveform patterns displayed on the 
following pages consist of three types of combinations. 
These are: fundamental and one harmonic, funda- 
mental and two harmonics, and two harmonics without 
the fundamental. The various combinations of har- 
monics within these groups and the pages that they 
start on areas follows: 


Page 
‘Fundamental and one harmonic 

Fund. plus 2nd harmonic. 251 
Fund. plus 3rd harmonic 753 
Fund. plus 4th harmonic. 755 
Fund. plus Sth harmonic. 757 
Fund. plus 6th harmonic 759 
Fund. plus 7th harmonic 761 
Fund. plus 8th harmonic 763 


Fundamental plus two harmonics 
Fund. plus 2nd and 3rd harmonics 765 
Fund. plus 2nd and 4th harmonies 785 
Fund. plus 3rd and Sth harmonics 805 


Two harmonics, no fundamental 
2nd plus 3rd harmonic 825 
2nd plus Sth harmonic 826 
3rd plus Sth harmonic 827 
4th plus Sth harmonic 828 
Sth plus 6th harmonic E 


In each combination of frequencies, all possible com- 
binations of amplitude and phase are shown. Five am- 
plitude intervals are used in every case. They are 5, 
15, 30, 60, and 100 per cent. Eight phase intervals are. 
used for the combinations of fundamental and one har- 
monic. They are 0°, +45°, +90°, +135°, 180°, —135°, 
—90°, and —45°. For the combinations of fundamental 
and two harmonics, and two harmonics without funda- 


mental, four phase intervals are used. These are 0°, 
+90°, 180°, and —90°. 

Where the waveform contains the fundamental and 
either one or two harmonics, the fundamental is used 
as the reference signal whose amplitude will be 100 
per cent and whose phase is 0° for all combinations. 
The amplitudes and phase angles of the harmonics will 
vary at the intervals stated with reference to the funda- 
mental. Where the waveform contains only two har- 
monics without the fundamental, the lower harmonic 
is used as a reference and stays constant at 100 percent 
amplitude and 0° phase. 

‘The waveform patterns have been arranged on the 
following pages so that any desired pattern can be 
found easily. The caption on the top of each page shows 
the harmonics that all the waveforms on that page con- 
tain and also the extent of variation of phase and am- 
plitude of each harmonic. It will be noticed that on any 
one page, amplitude and phase variations take place 
for only the higher-order harmonic where two har- 
monies are used, with the phase and amplitude of the 
lower-order harmonic staying constant for the entire 
page, but changing from page to page. 

The values given for the variation in phase and am- 
plitude are inclusive. Where the amplitude variation. 
is given as 5 to 100 per cent, this indicates that the page. 
includes all the amplitude intervals, which are 5, 15, 
30, 60, and 100 per cent. The phase varies in a posi- 
tive direction across the page and also from page to 
page. Therefore, where the phase variation is given as 
0° to —90°, it include all phase intervals between 
(0° and 360° in a positive direction, which are 0°, 490*, 
180°, and 90°. The waveform for 360°, will be the 
same as for 0°. Note that negative angles are used for 
values between 180° and 360°. If desired, positive 
angles can be substituted, such as 270° for —90*, etc. 

Another feature of this arrangement is that the am- 
plitude of the higher-order harmonic increases from 5 
per cent at the top of a column to 100 per cent at the 
bottom, while the phase for the column remains con- 
stant. Similarly, the phase angle increases from left 
to right on each row by either 45° or 90° for each 
pattern, while the amplitude remains constant for the 
row of patterns. This is helpful when determining the 
effect of a change in either amplitude or phase. Also, 
by observing the manner in which the shape of the 
‘waveform progresses for changes in either phase or 
amplitude, it will be possible to determine the shape of 
the waveform for values of phase and amplitude other 
than those shown. 

The complete expression for any of the complex 
waveforms can be written as t 
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«= 4, + 41 sin (ut +6) + A2 sin (2ot + 62) 
+A3sin (But +03) +... 
+ A3 sin (3 ot + 63) +.... 
where е = instantaneous value of wave 
= 2af (f being the fundamental frequency) 
time 
Aq = amplitude oí d-c component 
41, 42, 43 ... = amplitude of fundamental and corre- 
sponding harmonics 
01, 62, 83 . . . . phase angle of fundamental and cor- 
responding harmonics. 

The d-c component А, is not given for the wave- 
forms, as it does not affect the shape of the waveform 
and the measurement of this value does not present any 
problem. 41 and 67 for the waveforms shown will al- 
ways be 1 (or 100 per cent) and 0°, respectively. If 
the waveform is to be determined for a given expres- 
sion where Al and/or 61 are not these values, it will 
be necessary to rearrange the expression so that these 
values are obtained. This is easily done by dividing 
through by 41 and by shifting the phase by an angle 
equal to ~61, In doing this, it should be remembered 
that 62 will change twice as much as 61, 63 will change 
3 times as much, te. 

In the waveforms that contain two harmonics with- 
out a fundamental, 41 becomes zero and the lower- 
order harmonic is used as the reference. In this case, 
it may be necessary to rearrange the expression so that 
the lower-order harmonic has an amplitude of 1 and a 
phase of 0°. The procedure is similar to the case of the 
fundamental, except that the amount of shift for the 
higher-order harmonic is equal to the phase shift for 
the lower-order harmonic times the ratio of frequen- 
cies. For example, if the waveform contains only 2nd 

* and 3rd harmonics, and the 2nd has to be shifted 30° 




















to make its phase equal to zero, then the 3rd harmonic 
will have to be shifted 45° in the same direction. 


Complex-Wave Generator 


The basic requirements for a complex-wave gener- 
ator are synchronization of the fundamental and har- 
monics and independent control of the phase and am- 
plitude of each harmonic component of the complex 
wave. The equipment used to generate the waveforms 
in this chapter is shown in the block diagram of Fig. 
20-1. The diagram shows the complex-wave generator 
as having 8 channels, which indicates that it will gen- 
erate signals that contain a fundamental and harmonics 
up to the eighth. However, the same type of equipment. 
has been used to supply harmonics up to the 12th by 
adding four more channels to the existing eight. 

‘The operation of the complex-wave generator is 
apparent from the block diagram. Starting at the ex- 
treme left, we have a 1,000-cps frequency standard 
which is used to synchronize the multivibrator of 
channel 1 to exactly $00 eps. The output is a square 
wave which is fed both to a tuned amplifier and to a 
differentiator and clipper. The differentiator produces. 
pulses from the square wave fed to it, but these pulses 
are positive and negative, so a clipper is used to remove 
the positive pulses, The remaining negative pulses are 
fed to the multivibrators of all the remaining channels 
and also to an external terminal to supply a syne signal 
for an oscilloscope. This S00-cps sync pulse synchro- 
nizes the multivibrators of each channel from the 2nd 
to 8th at its proper operating frequency. The 2nd chan- 
nel will syne at 1,000 cps, the 3rd at 1,500 eps, ete. 

From this point on, all the channels are alike except 
for the operating frequency, so it will be sufficient to 

















Fig. 20-1.—Block diagram of the complex-wave generator used for taking the waveforms shown in this chapter, 
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discuss only one, Returning to the 500-cps multivi- 
brator in channel 1, the square-wave output is fed to 
fa tuned amplifier which, in this channel, is tuned to 
500 cps. The output of this amplifier will be a $00-cps 
sine wave, which is fed to another amplifier, which is 
not tuned. The gain control in the input circuit of this 
2nd amplifier is the amplitude control for the channel. 
The signal is then fed to a capacitance-type phase 
shifter which can vary the phase from 0° through 360°, 
After the phase shifter, the signal is fed to a mixer, 
together with the outputs of all the other channels. The 
‘composite signal is then further amplified and then fed 
to the vertical input of an oscilloscope. 


The horizontal sweep of the oscilloscope is synchro- 
nized with the syne signal supplied by the complex- 
wave generator so that several cycles of the complex 
waveforms are observed. For the waveforms shown, 
three cycles of the fundamental frequency were shown, 
Each waveform desired was then set up by adjusting 
the phase and amplitude controls of each channel to 
their proper setting. For harmonics not being used, the 
amplitude control was set at zero. The resulting wave- 
form was then photographed from the pattern dis- 
played on the cathode-ray tube. This procedure was 
repeated for every one of the complex waveforms 
shown. 
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CHAPTER 21 
SPECIAL PURPOSE CATHODE-RAY TUBES 


This chapter will deal with special cathode-ray tubes 
as distinguished from conventional types used in os- 
cilloscopes and television receivers. The sequence of 
discussion will be in order of relative importance. The 
image orthicon, widely used in television broadcasting 
pickups, will be discussed first. The image iconoscope, 
while still used to some extent, appears to be growing 
obsolete, The image dissector, also once used exten- 
sively, has assumed less importance because of its com- 
paratively low sensitivity but is still used in specialized 
applications, The monoscope, transcriber kinescope, 
flying-spot cathode-ray tube, and graphecon are other 
types that will be discussed. 


Image Orthicon* 

This tube is shown, in schematic diagram form, in 
Fig. 21-1. For simplicity in discussing it, three sec- 
tions may be studied : the image section, scanning sec- 
tion, and multiplier section. A photograph of a typical 
type appears in Fig. 21-2. 








The following material on the orthicon consists of 
excerpts from the RCA Tube Data Sheets, S688 and S679. 
21 
Fig. 21-2.— Photograph of an image orthicon. 
m EA ALIGNMENT 7 
an mancer ЫЫ» бет ^ш ©" 










Five stage 
MUCTIPLIER 


SCANNING MATIPLIER 
"SECTION 


Fig. 21-1,— Schematic diagram of the image orthicon. 
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Image Section 

The image section contains a semitransparent photo- 
cathode on the inside of the face plate, a grid to provide 
an electrostatic accelerating field, and a target which 
consists of a thin glass disk with a fine mesh screen very 
closely spaced to it on the photocathode side. Focusing 
is accomplished by means of a magnetic field produced 
by an external coil, and by varying the photocathode 
voltage, 

Light from the scene being televised is picked up by 
‘an optical lens system and focused on the photocathode 
which emits electrons from each illuminated area in 
proportion to the intensity of the light striking the area. 
The streams of electrons are focused on the target by 
the magnetic and accelerating fields. 

On striking the target, the electrons cause secondary 
electrons to be emitted by the glass. The secondaries 
thus emitted are collected by the adjacent mesh screen 
which is held at a definite potential of about 2 volts with 
respect to target voltage cutoff. Therefore, the poten- 
tial of the glass disk is limited for all values of light and 
stable operation is achieved. Emission of the second- 
aries leaves, on the photocathode side of the glass, a 
pattern of positive charges which corresponds with the 
pattern of light from the scene being televised. Because 
of the thinness of the glass, the charges set up a similar 
potential pattern on the opposite or scanned side of 
the glass. 


Scanning Section 


The opposite side of the glass is scanned by a low- 
velocity electron beam produced by the electron gun 
in the scanning section. This gun contains a thermionic 
cathode, a control grid (grid No. 1), and an acceler- 
ating grid (grid No. 2). The beam is focused at the 
target by the magnetic field of an external focusing coil 
and the electrostatic fied of grid No. 4. 

Grid No. 5 serves to adjust the shape of the deceler- 
ating field between grid No. 4 and the target to obtain. 
uniform distribution of electrons over the entire target 
area. The electrons normally stop their forward motion 
at the surface of the glass and, after being turned back, 
they are focused into a five-stage signal multiplier. 
However, when electrons approach the positively 
charged portions of the pattern on the glass, they are 
deposited from the scanning beam in quantities suffi- 
Gent to neutralize the potential pattern on the glass. 

This deposition of electrons leaves the glass with a 
negative charge on the scanned side and a positive 
charge on the photocathode side. These charges will 


neutralize each other by conduction through the glass 
їп less time than that taken up by one frame. 

Alignment of the beam from the gun is accomplished 
by a transverse magnetic field produced by an external 
coil located in the vicinity of the gun at the end of the 
focusing coil. Deflection of the beam is achieved by 
transverse magnetic fields produced by external deflec- 
tion coils, 

The electrons turned back at the target form the 
return beam which has been amplitude-modulated by 
absorption of electrons at the target in accordance with 
the charge pattern whose more positive areas corre- 
spond to the highlights of the televised scene. 


Multiplier Section 


The return beam is directed to the first “dynode” of 
a five-stage electrostatically focused multiplier. Use is 
made of the phenomenon of secondary emission to 
amplify signals composed of electron beams, The elec- 
trons in the beam, impinging on the first-dynode sur- 
face, produce many other electrons, the number de- 
pending on the energy of the impinging electrons. A 
dynode is a specially treated anode which produces a 
number of secondary electrons greater than the num- 
ber of primary electrons impinging on its surface. 
These secondary electrons are then directed to the sec- 
ond dynode and knock out more new electrons, Grid 
No. 3 facilitates a more complete collection by dynode 
No. 2 of the secondaries from dynode No. 1. 

‘The multiplying process is repeated in each succes- 
sive stage, with an ever-increasing stream of electrons, 
until those emitted from dynode No. 5 are collected by 
the anode and constitute the current utilized in the out- 
put circuit. 

The multiplier section amplifies the modulated beam 
about 500 times. The multiplication so obtained in- 
creases the signal-to-noise ratio of the tube and also 
permits the use of an amplifier with fewer stages. The 
gain of the multiplier is sufficiently high so that the 
limiting noise in the use of the tube is the random noise 
of the electron beam multiplied by the multiplier stages. 
This noise is larger than the input noise of the video 
amplifier. 

Iconoscope” 

The image orthicon is a relatively new development 
that was preceded by the iconoscope, which is simpler 
in design and construction, but has a lower sensitivity. 








aereo, Y, Knee pd in tele- 
Sh Ren oret ar E following 
‘material on iconoscopes consists of excerpts from this article. 
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An iconoscope tube and its circuit are shown in Fig. 
21-3. It is a special form of cathode-ray tube used in 
television for “picking up a scene” and converting it 
to an electrical signal, The tube contains a mosaic plate 
оп which the scene to be transmitted is focused by a 
lens, an electron gun which provides a cathode-ray 
beam for scanning the image on the mosaic, and a sig- 
nal plate which acquires a voltage proportional to the 
image brightness of the particular spot being scanned 
at any instant. This voltage is the “video” signal for the 
television picture. 


Constructional Details 


The principal parts of an iconoscope are the mosaic, 
signal plate, collector, and electron gun. The tube is 
illustrated in Fig. 21-3. The electron gun produces a 
narrow pencil of cathode-rays which serves, as will be 
shown later, as a commutator to the tiny photocells on 
the mosaic, The gun is in reality a form of electron pro- 
jector which concentrates the electrons from the cath- 
‘ode onto the mosaic in a very small spot. The electron- 
‘optical system consists of two electron lenses which are 
formed by the cylindrically symmetrical electrostatic 
fields between the elements of the gun. Fig. 21-4 
shows diagrammatically the arrangement of the gun, 
together with the electrostatic fields making up the 
electron lenses, Below this diagram is the approximate 
optical analogue. Details of the gun construction are as. 
follows: The cathode is indirectly heated with its emit- 


Iconoscope tube 





ting area at the tip of the cathode cylinder. It is 
mounted so that the emitting area is a few thousandths 
of an inch in front of an aperture in the control grid. 

A long cylinder with three defining apertures whose 
axis coincides with that of the cathode cylinder and 
control grid serves to give the electrons their initial 
acceleration and is known as the first anode. A second 
cylinder coaxial with the first ariode and of somewhat 
greater diameter serves as the second anode and gives 
the electrons their final velocity. The second anode is, 
in general, formed by metalizing the neck of the icono- 
scope bulb, The gun used in the iconoscope is designed 
so that it will concentrate a beam current of from 34 to 
1 microampere into a spot about 5 mils in diameter. 
Under ordinary operating conditions, a potential of 
about 1,000 volts is applied between the cathode and 
second anode and the voltage of the first anode ad- 
justed until minimum spot size is obtained. The exact 

279 
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Courtney RCA Rev. 
Fig. 21-4—Diagram of the electron-optical system of the 
iconoscope. 
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value of the beam current to be used will, of course, 
depend upon the type of picture to be transmitted and 
the exact conditions of operation. 

‘The beam from the gun is made to scan the mosaic 
in a series of parallel horizontal lines repeated at 30 
ps. This is accomplished by two sets of magnetic de- 
flection coils arranged in a suitable yoke and slipped 
over the neck of the tube. These sets of coils are driven 
by two special vacuum-tube generators supplying a 
sawtoothed current wave ; one, operating at the picture 
frequency, supplies the vertical-deflection coils, the 
other at horizontal line frequency drives the second set. 
of coils, 

The component which characterizes the iconoscope 
is the mosaic. It consists of a vast number of photo- 
sensitive globules mounted on a thin mica sheet in such 
а way that they are insulated from one another. The 
back of this sheet is coated with a conducting metallic 
film which serves as a signal plate and is connected to 
the input of the picture amplifier. The appearance of. 
the mosaic is shown in Fig, 21-5. Such a mosaic may 
be formed in a variety of ways. For the standard type 
of mosaic, the silver globules are formed by reducing 
particles of silver oxide dusted over the mica, Under 
proper heat treatment, the silver globules reduced from 
the oxide will not coalesce but will form individual 
droplets. These droplets are sensitized after the mosaic 
has been mounted in the tube and the tube evacuated. 
‘The sensitization is similar to that used in the ordinary 
cesium photocell ; that is, the silver is oxidized, exposed 
tocesium vapor, and then heat-treated. 
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Photoelectric Response 

‘The mica on which the silver droplets are mounted 
serves to insulate them from one another; it is made. 
sufficiently thin so that the capacitance between each 
globule and the metallic signal plate will be reasonably 
large. 

The mosaic is mounted in the tube with the silver 
beads facing the beam. For proper focusing of the op- 
tical image on the front surface of the iconoscope, it is 
placed in the tube in such a way that a normal to its 
face makes an angle of 30° to the axis of the electron 
gun. 





In essence, the iconoscope may be thought of as a 
plain mosaic made up of a great number of individual 
photocells, all connected capacitively to the common 
signal plate and commutated by the scanning beam. 
The fundamental cycle of operation is as follows: 

Every silver globule making up the mosaic is photo- 
sensitized so that when alight image is projected on the 
mosaic the light causes electrons of a number propor- 
tional to the light brilliance to be emitted from each 
illuminated photosensitive area, The resulting loss of 
electrons leaves each photosensitive area at a positive 
potential with respect to its initial condition, The 
potential is then proportional to the number of elec- 
trons which have been released and conducted away 
so that the mosaic tends to go positive at a rate propor- 
tional to the light falling on it, As the electron beam 
scans the mosaic, it passes over each element in turn, 
releasing the charge it has acquired and driving it to 
equilibrium. 

Due to the fact that each element is coupled capaci- 
tively to the signal plate, the sudden change of charge 
of the elements will induce a change in charge on the 
signal plate resulting in a current pulse in the signal 
lead connected to the amplifier. The magnitude of these 
pulses is proportiffnal to the intensity of the light fall- 
ing on the scanned element, Thus the signal output 
from the iconoscope consists of a chain of current 
pulses corresponding to the light distribution on the 
mosaic. This chain can be resynthesized at the receiver 
into a reproduction of the original image. 

As the beam moves over the mosaic, varying 
amounts of charge flow from the mosaic to the col- 
lector, the amount of charge flowing at any instant 
being a measure of the light on the globules at the in- 
stantaneous position of the beam. In other words, a 
video signal current flows between the mosaic and col- 
lector. It cam be seen thatthe video signal current must 
complete its circuit path through the signal-plate equi 
alent load resistor RJ and the capacitance between si 
nal plate and mosaic. The voltage developed across t 
‘equivalent load resistor by the signal current is the 
video signal output of the iconoscope. 

It also can be seen that when the beam moves from 
a dark portion of the image to a brighter portion, the 
electron current from the mosaic to the collector de- 
creases. The output voltage, therefore, changes in the 
negative direction. Hence the signal output of the 
iconoscope is of negative polarity. A highlight in the 
image is represented by a negative value of signal volt- 
age; a shadow in the image is represented by a positive 
value. 
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Fig. 21-6.—The monoscope and its circuit 


Monoscope? 
lonoscope" is the name which has been given to 
a type of tube designed to produce a video signal of a 
test picture or pattern enclosed in the tube. Since the 
picture must be enclosed in the tube, the monoscope is 
not suitable for developing a video signal which rep- 
resents action. However, a signal of excellent fidelity 
can be obtained for a “still” picture which contains 











ix 





Сонау КСА 
Fig. 21-7.— Electrostatic monoscope, RCA type 2F21. 





3Burnett, C. "The monoscope," RCA Rev., vol. 2, 
AMARI, Ape 198, Tte marca ca ie metencipe cutn 
of excerpts from this article. 


halí-tones or consists only of lines. Fig. 21-6 shows 
the circuit used. Two examples of such tubes are 
shown in Figs. 21-7 and 21-8. The former is the RCA 
2F21-A and the latter is the magnetically deflected 
RCA 1850-A. 





Conrtery RCA 
Fig. 21-8.— Electromagnetic monoscope, ВСА type 1850-A. 


‘The tube consists of an electron gun, a signal plate, 
and a collector enclosed in a highly evacuated envelope. 
The electron beam is scanned over the signal plate by 
an electromagnetic-deflection system. 

‘The electron gun which supplies the scanning beam 
must be of high quality if the best video signal is to be 
obtained. The electron beam should be very small in 
diameter, when it strikes the signal plate, if good reso- 
lution is to be obtained. The beam current should be 
reasonably high because the video current varies di- 
rectly with beam current. However, the width of the 
beam should not be sacrificed to obtain high beam 
currents. The electron gun developed for iconoscopes. 
provides a small diameter beam with an adequate beam 
current and, therefore, was readily adapted іо the 
monoscope. i 


SPECIAL PURPOSE CATHODERAY TUBES 835 


The final anode of this gun operates at 1,000 volts, 
permitting a very small beam for currents of several 
microamperes. The use of this gun proves to be an 
advantage in test work when it is desired to use a 
monoscope in an iconoscope camera. 

The signal plate is made of aluminum foil and car- 
bon. The surface of the aluminum has a natural coat- 
ing of aluminum oxide which has a reasonably high 
secondary-emission ratio while the carbon has a rela- 
tively low ratio. It was found that aluminum foil de- 
veloped for advertising and packing purposes, as well 
as special inks developed for printing on metal foils, 
were satisfactory materials for signal plates. As a re- 
sult, the advantages and flexibility of commercial print- 
ing processes can be utilized. The desired picture or 
pattern is printed on aluminum foil with a black foil 
ik. The only other processing necessary before seal- 
ing the signal plate in the tube is to fire it in hydrogen. 
This process removes the volatile matter from the ink 
and thus leaves it practically pure carbon. 





Correct Polarity 


In order to give the picture the correct polarity on 
the kinescope ; ie., so that white corresponds to white 
in the original, it is necessary to make the signal plate 
in a definite manner, depending on the number of 
stages in the video amplifier. If the video amplifier has 
an odd number of stages (as is normal between icono- 
scope and kinescope) the picture on the signal plate of. 
the monoscope should have blacks and whites reversed, 
but should not have printed matter reversed. The re- 
versal of blacks and whites is necessary because the 
aluminum oxide, although white in appearance, has a 

higher secondary-emission ratio than the carbon, and, 
therefore, produces a signal which corresponds to 
black. 





The secondary-emission current from the signal 
plate is collected by a conductive coating on the bulb 
wall. This coating is operated at a potential positive 
‘with respect to the signal plate, which is operated at the 
same potential as the final anode of the electron gun. 








Uses 


The monoscope may be used for a variety of pur- 
poses. In commercial applications, frequently repeated 
announcements and advertisements could be taken 
from a monoscope. Fixed backgrounds for studio work 
ould be obtained ; the final signal being a suitable com- 
bination of video signal from an iconoscope for action 
And from a monoscope for background. However, the 


biggest field for the monoscope is in television testing. 
The same video signal can be obtained from day to day, 
and the quality is not affected by such variables as poor 
optical focus, dark spot, and amplifier noise. The mono- 
scope, therefore, is an important device for checking 
performance of kinescopes, receivers, and studio 
systems. 


Graphecon* 

Long-time storage of television quality pictures is 
possible with a type of storage tube consisting of two 
independent cathode-ray guns and a target plate coated 
with a thin film of insulating material. The two guns 
may be operated simultaneously. One “writes” down 
any arbitrary pattern to be stored. The other scans re- 
peatedly over it to generate signals and erase the pat- 
tern at a controlled rate. The graphecon also makes 
possible television pictures of oscillograms or radar 
patterns that can be viewed for several minutes. 

The tube can be regarded as a kinescope and icono- 
scope in one bulb, with the mosaic and kinescope screen 
replaced by a charge-sensitive, high-capacitance stor- 
age target. The kinescope gun will be referred to as 
the "writing" gun which takes the radar signal and 
the target. The other gun will be called. 
a “reading” gun. Its function is to generate the tele- 
vision signal and gradually remove the stored signals, 





Construction 


The design of the bulb is not critical and is largely 
determined by the requirements of the cathode-ray 
guns. Fig. 21-9 shows a sketch of one type of tube 
using magnetic deflection. To simplify the circuit re- 
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Fig. 21-9.—Sketch of a magnetically deflected graphecon, 
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quirements, the writing gun is mounted perpendicular 
to the target, which avoids the necessity for keystone 
correction for a radial deflection pattern. This correc- 
tion has been solved very simply for the iconoscope, 
and so the reading gun is mounted off the axis, at the 
‘same angle as is used for the standard iconoscope. The 
dimensions of the bulb are determined by the space 
requirements of the deflection yokes, by the deflection 
angles required for obtaining adequate resolution, and 
by the desired target dimensions. 


Focusing 

When preferable, a tube can be built with all-electro- 
static focus and deflection, It is more suitable for oscil- 
loscope operation or, where weight and size are critical, 
it permits eliminating the deflection yokes. Fig. 21-10. 
is a sketch of such a tube which can be made smaller 
and more compact than the magnetic-deflection type, 
but is necessarily subject to the lower resolution limits 
imposed by the electrostatic-deflection system. 





Crertery RCA Rew: 
Fig, 21-10.—Sketch of а compact graphecon utilizing elec- 
trostatic focusing and deflection. 


Fig. 21-11 is a sketch of the most recent form of the 
tube. This modification was built to make possible 
mounting the guns on a common axis and thereby 
avoid the need for keystone correction. The target con- 
struction was modified to permit the "writing" beam 
to penetrate through the target. 

For the magnetic-deflection writing gun. 
sible to use a standard kinescope gun with either mag- 
netic focus or electrostatic focus. Both types have been. 
used for radar purposes and have adequate resolution 
at the rated voltages of 6,000 to 10,000 volts, which is 
also the range of voltage which is used in the graphe- 
con. The reading gun can be a standard iconoscope gun 
and runs at standard iconoscope voltages of 800 to 
1,000 volts. 

The target consists of a plate of metal upon which is 
deposited a film of insulating material of the order of 
6,000 Angstrom units thick, or approximately half a 
micron, Where the two guns are on the same side, any 
of a number of metals, thick enough to be self-support- 
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Fig, 21-11.—Sketch of the most recent form of the graphecon, 


ing, can be used for the target. The insulator film can 
be any good insulator such as silica or magnesium 
fluoride. 

In tubes where the guns are on opposite sides of the 
target, it iy necessary to make the metal backing trans- 
parent to electrons and yet strong enough to support 
the insulating layer. This can be done by using a very 
fine mesh with a high transmission factor to provide 
the mechanical support. Then, an organic film is spread 
over the mesh to act as a base upon which to evaporate 
a thin layer of aluminum. The insulating layer is then 
evaporated onto the aluminum and the target is com- 
pleted, The high-voltage “writing” gun is located on 
the mesh side of the target. The mesh is made fine 
enough so that it does not limit the resolving power of 
the tube. Sample targets have employed approximately 
500 per-inch mesh. 


Operation 


The reading beam, operating at 1,000 volts, has a 
secondary-emission ratio greater than unity. It scans 
uniformly over the insulator surface and, therefore, 
brings it approximately to the potential of the collector 
which is the conductive wall coating. 

‘The mechanism for signal generation is a simple 
form of that used in the iconoscope. The target surface 
is brought to equilibrium potential with the target 
metal, Where the writing beam has struck and driven 
the surface negative, the secondary-emission collection 
is greater than unity and some charge is removed every 
time the reading beam scans those areas. This removal 
of charge produces the signal which is amplified to 
operate the viewing kinescope, 

‘The magnitude of the signal depends on the devia- 
tion from the equilibrium condition, When the surface 
is at collector potential, the secondary-emission collec- 
tion is equal to the beam current and no signal results, 
‘The dotted line in Fig. 21-12 shows how the secondary- 
‘emission collection approaches the trace secondary- 
emission curve when the surface potential falls below 
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Fig. 21-12 —Typical curve for secondary emission from silica. 


the collector potential, Fig. 21-13 shows this in terms 
of signal value for a typical electrode configuration. 
‘The curve levels off at the higher-voltage values be- 
cause the secondary-emission collection tends to satu- 
rate at relatively weak fields, and the signal current, 
therefore, remains almost constant at the higher fields. 
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‘The saturation of secondary emission provides a 
means of obtaining many television pictures of the 
writing pattern. The saturated secondary emission is 
proportional to the beam current so that itis only пес- 
essary to reduce the beam current to reduce the amount 
of charge on each scan. However, this also reduces the 
signal output and the lower limit in this direction is the. 
noise inherent in the video amplifier. 





The charging time is proportional to the total area 
of the target. A reduction in tube size will result, there- 
fore, in a proportional reduction in the maximum view- 
ing time. A typical illustrative curve is shown in Fig. 
21-14. 


Practice 


One of the applications of the tube is as a directs 
current or single-trace oscilloscope which can provide 
a bright picture of the complete trace for adjustable 
periods of time. 

The circuits for such a function are relatively com- 
plex, compared to an oscilloscope with an afterglow- 
type phosphor, but there are several advantages that 
may justify the extra equipment. The problem of large- 
screen oscillography can be met by using a commercial 
television projection set and operating the graphecon 
a5 an oscilloscope-iconoscope combination, The prob- 
Jem of photographing transients of very short duration 
can be met by recording the trace in the graphecon and 
photographing the picture on a standard kinescope. If 
the interval between transients is long, the reading 
beam and kinescope need only be turned on, when 
desired, for photographing. In either case, the tube can 
be made very sensitive to the writing beam and thus 
eliminates the need for a very high-voltage type oscillo- 
scope which ordinarily might be required for high 
writing speeds. 

For such applications, where the writing beam is not 
modulated in intensity, the circuit requirements are 
shown in block form in Fig. 21-15. 
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Fig. 21-15.—Block diagram of circuits using graphecon as 
an oscilloscope. 


‘The requirement that the writing beam not be modu- 
lated in intensity arises from the fact that it will pro- 
duce a video signal in the target of the same form as 
the modulation and of an intensity that could be many 
times that of the signal produced by the reading beam. 
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This occurs because of the fact that any removal or 
addition of charge to the target produces a signal, and 
the writing beam, being above the second cross-over 
point, tends to put down charge which will vary in 
amount with the intensity of the beam. As long as the 
writing-beam intensity is constant, it produces only a 
direct-current type of signal which is blocked by the 
input capacitor of the video amplifier. 

‘However, for many applications, such as for radar 
conversion, it becomes necessary to modulate the writ- 
ing beam at frequencies in the same range as that of 
the video output signal, and it is, therefore, not pos- 
sible to separate the two signals on the basis of signal 
frequency. 

It is possible to create a frequency difference be- 
tween the reading and writing signals by modulating 
the reading beam at some frequency well above the 
‘maximum contained in the writing signal. The output 
signal will now be an amplitude-modulated high-fre- 
quency carrier, which can be amplified by conventional 
means and rectified to provide the desired video signal 
free of the writing modulation. A typical circuit is 
shown in block-diagram form in Fig. 21-16, giving the 
components required to operate the tube as a radar 
converter. 
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, 21-16-—Block diagram of circuits required for 
ы Арета 
. 

The original objective and main application of this 
tube is to provide a means of viewing radar PPI pat- 
terns. A number of advantages can be attained over 
with the P7 type phosphor. 

Resolution 


The resolution of the stored picture is best discussed 
in terms of television practice. Because the picture is 


formed by the action of a moving cathode-ray beam, 
the smallest discrete picture element possible is the size 
of the focused spot. Therefore, the maximum picture 
content possible is the number of elements or adjacent 
spot areas that can cover the total area of the target. 
This is true regardless of the type of scanning used. A 
television-type scan is the most efficient because it ar- 
ranges the elements as close together as possible with- 
out producing any overlapping. 

Writing speed is customarily measured, in oscillo- 
scopic practice, in feet or meters per second. So meas- 
ured, the writing speed of the graphecon is consider- 
ably better than 4,000 feet per second, Expressed in 
more meaningful terms, this is equivalent to better 
than 9,000,000 elements per second. This speed has 
been demonstrated by the test of television operation 
in which a picture containing 300,000 elements was 
written onto the target in Yo of a second. Still higher 
writing speeds can be obtained, though only at the ex- 
pense of resolution, because they require higher beam 
Currents and this causes the spot size to increase, 
everything else held constant. 

In addition to the tubes described, there are a num- 
ber of others of secondary importance: the image dis- 
sector, orthicon, transcriber kinescope, and flying-spot 
cathode-ray tube. 


Image Dissector 


This tube is illustrated in Fig. 21-17. The essential 
parts are the photocathode, focus coil, deflection coil, 
electron multiplier, and the associated optical system, 

‘The photocathode converts the incident light of the 
optical image into an electrical signal. 

‘The number of electrons emitted at any point is di- 
rectly proportional to the radiant light flux at the point. 
As a result, the cathode surface has an electron emis- 
sion distribution pattern that correlates with the light 
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distribution of the optical image and of the scene being 
televised, 

This electron pattern is extended from the cathode 
surface in straight lines perpendicular to it and is 
moved toward the aperture in the multiplier housing 
by a difference of potential between the cathode and the 
nickel-wall-coating anode. This voltage may be of the 
order of 350 volts. 

As charges of identical polarity repel each other, 
there is a tendency for the beam electrons to scatter 
and destroy the image pattern. As the beam moves 
toward the electron multiplier, the scattering is con- 
trolled by means of a focus coil. This coil surrounds 
the tube to permit focusing of the electron pattern at 
the opening in the electron-multiplier assembly. The 
electrons passing through the opening produce, by 
electron-multipher acion, a much larger output 
current. 


Scanning 


‘The aperture or opening in this tube is stationary. 
It is, therefore, necessary to move the electron pattern 
past the aperture in a manner that will allow electrons 
to be taken from the pattern. This occurs in proper 
sequence of picture elements and scanning lines. 

Vertical- and horizontal-deflection coils, external to 
the tube, deflect the electron image past the opening, 
according to the scanning action desired. The electron- 
multiplier output current represents the desired cam- 
‘era signal and possesses all the information gathered 
from the video elements of the electron image. 

The resolution of this type tube is excellent, but its 
comparatively low sensitivity has resulted in its grad- 
-tal abandonment, except for film pickup where suffi- 
cient light intensity is available. 


Orthicon 

This is another type, differing from the image orthi- 
con discussed earlier in this chapter, which is virtually 
obsolete. Its operation can be understood by reference 
to Fig. 21-18, and the following explanation. 








Basically, the orthicon is a storage type. It is similar, 
in some respects, to the iconoscope. The optical image 
is focused on a transparent plate which has a photo- 
sensitive coating (mosaic) on one side. The electron 
beam, within the tube, is made to scan the mosaic. 
Light rays striking the mosaic cause changes in mosaic 
surface potential by photoelectric action. The beam 
striking a particular point returns the point to an equi- 
librrum condition. The number of the electrons and the 
electron output current of the tube bear a definite rela- 
tionship to the incident light energy. The video signal 
is thus derived. 

The physical arrangement of the tube is convenient. 
No keystoning effect occurs, since the optical signal 
and the electron scanning beam strike the mosaic along. 
the main axis, The tube is compact and small lenses 
may be used. Its sensitivity is 10 to 20 times that of 
the iconoscope but its resolution i» poorer and noise 
level higher. 








Fig. 21-19. A block 
diagram of the associated circuit arrangement is shown 





Courter RCA 
Fig. 21-19—Flying-spot cathode-ray tube. 
‘This material on the fiying-spot cathode-ray tube consists 
of excerpts from RCA Tebe Daia Sheet, SWPIS, 1948. 
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Fig. 21-20.—Block diagram of the flying-spot cathode-ray 
tube and its associated circuit 


in Fig. 21-20, The cathode-ray tube is used as a source 
of light. This light is directed, through an objective 
lens, to a transparent slide. The light then passes, 
through condenser lenses and an ultraviolet filter, to 
a phototube which converts the light signals into 





Courter Do Mont Late 
Fig. 21-21—Du Mont scanner, type TA-150-A. 





electrical impulses. The video amplifier than builds up 
the signals and feeds them into the line, as shown in 
Fig. 21-20. 

Vertical and horizontal magnetic-deflection circuit 
cause a movement of the beam and of the “flying spot” 
on the short-persistence cathode-ray-tube screen. Elec- 
trostatic focusing is used. A photograph of a scanner 
system similar to the one described, made by Du Mont, 
is shown in Fig. 21-21. 

The light output of the tube is relatively low in value 
and is held reasonably constant during scanning. The 
density of the slide or film material affects the trans- 
mission of the light. Shading is thus possible. Optical 
limitations are disadvantages but the high scanning 
speed required for high-definition pictures is easily 
obtained. 


‘Transcriber Kinescope* 


A tube of this kind is shown in Fig. 21-22. The fluo- 
rescent screen emits highly actinic blue radiation which 
is effective for photography. The tube is intended pri- 
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marily for use in equipment which photographically 
transcribes television broadcasts on motion picture 
film. The video signal fed into the tube results in an 
image that can be photographed efficiently. 

The persistence of the screen radiation is sufficiently 
short to prevent “carry-over” from one frame to the 
next, The metal backing of the screen effectively 
doubles the radiant energy output in comparison with 
that obtained when no metal backing is used. 

Because of its large, highly actinic output, the tube 
can be operated at a low value of anode No. 2 current 
to obtain sharpness as well as ample radiation to insure 
adequate exposure with a medium-speed lens and with 
ordinary (blue-sensitive) orthochromatic or panchro- 
matic film. 

High-quality optical glass is used for the fiat tube 
face. It will not limit the performance of a high-quality 
objective lens needed in the photographic equipment 
to provide maximum resolution. 

Tn the design, magnetic deflection and electrostatic 
focus are utilized to permit obtaining essentially uni- 
form focus over the useful screen area. Other design 
features include (1) an external conductive coating on 
the neck which, when grounded, prevents corona ef- 
fects between yoke and neck, (2) a built-in capacitance 
between interior and exterior neck coatings to serve as 
a filter capacitor for the high-voltage power-supply 
unit, (3) an external insulating coating on the bulb 
cone to minimize sparking over the glass bulb under 
conditions of high humidity and (4) the duodecal 7-pin 
base designed for high-voltage service. Certain pre- 
cautions in the operation of the tube must be observed 
to minimize the possibility of failure due to humidity, 
dust, and corona, 





Isocon* 

The isocon is similar, in some respects, to the image 
orthicon. At the moment it is purely an experimental 
tube, but it may assume commercial importance in the. 
near future, A sketch of the tube appears in Fig. 21-23, 
If it also has an image section, the tube is called an 
image isocon. 

The isocon method of signal generation is based 
upon the fact that the low-velocity beam impinging on 


Weimer, Paul Kz “Ths image iaocoa an, experimental 
television pickup tobe bared oa of low-velocity 
electrons, Rev, v 1 “September 1949; 
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Fig, 21-23—Sketch of the image isocon. 


scattered electrons may be separated from the bulk of 
the return beam and these alone admitted to the elec- 
tron multpilier. 


Electron Scattering 
An electron beam impinging on a metal plate or on 
an insulator, with only a volt or two of bombarding 
energy, is not completely absorbed, The secondary- 
emission ratio for metals, instead of being zero, is of 
the order of a few tenths and for insulators may be as 
high as eight or nine tenths. True secondary emission 
does not occur unless the bombarding energy exceeds 
some critical voltage characteristic of the material, of 
the order of 5 10 10 volts, For voltages below this value, 
the electrons escaping from the surface are primary 
electrons which are reflected without energy loss, 
Electron reflection occurring from a glass surface 
need not be similar to reflection from a mirror, wi 
is often called specular reflection, An electron striking 
the surface normally will have an angle of reflection 
anywhere from zero up to 90°. For l-volt incident 
velocity, all angles of reflection are equally probable 
for electrons impinging upon a fluorescent screen. 
The term "scattered electrons" refers to nonspecu- 
larly reflected electrons (i.e., angles of reflection may 
differ from angles of incidence), obtained when a low- 
velocity beam impinges on a surface. A simplified pi 
ture illustrates this point in Fig. 21-24. The remainder. 
of the returning electrons are termed “reflected elec- 
trons.” This term includes those electrons which, 
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having insufficient energy to reach the target surface, 
are specularly reflected in the space in front of the tar- 
get. In fact, the latter group may compose the bulk of 
the reflected electrons if the energy spread of the inci- 
dent beam is as muchas | volt or greater. 


Separating Scattered and Reflected Electrons 


An efficient method for separating the scattered and 
reflected electrons is illustrated in Fig. 21-25. This 
method consists of deliberately introducing additional 
helical motion into the primary electron beam so that 
the scattered electrons of the return beam are all found. 
on one side of the reflected electrons. In Fig. 21-25 the 
excess helical motion is produced by a set of short de- 
Section plates mounted close to the gun. The plates give 
a fixed transverse velocity to all the primary electrons 
which, when superimposed on their own random veloc- 
ities, results in the helical paths whose cross section is 
shown in somewhat exaggerated form in Fig. 21-25. 
Electrons now approach the target obliquely along 
helices whose diameters may range from OA to OB. 
The transverse energy of electrons in the primary beam 
may range from 1 volt up to 4 or more. (The addition 
of a fixed transverse velocity to all the electrons in the 
beam increases the existing energy spread of the beam 
several fold.) Since this transverse energy is acquired 
at the expense of the longitudinal energy, the "cutoff" 
or black potential of the target is raised by 1 volt posi- 
tive with respect to the gun cathode potential. 

‘When a small amount of light falls on the tube, rais- 
ing the target potential slightly above its cutoff value, 
the first group of electrons able to land on the target 
vill be those with the least helical energy. These elec- 
trons exhibit helical motion in a diameter indicated by 
SHORT cereos RATES o, o 
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Fig, 21-25 —Helical motion method of separating catered 
and reflected electrons. 


OA of Fig. 2125B. On striking the target, they are 
scattered in all directions, forming many helices whose 
diameters may be any size from zero up to OA. Since 
all the primary electrons were focused on the point O 
at the instant of impact, the magnetic line through this 
point forms the central axis of the scattered beam. Fig. 
21-25C shows the cross section of the return beam at 
an antinode. At the antinodes, all of the scattered elec- 
trons fall below the line E-E for the low target poten- 
tial specified, while the reflected electrons are all found 
above this line. 


Group Separation 

The two groups may be completely separated as 
shown in Fig. 21-25A by placing an electrode so that 
it intercepts the scattered electrons, while letting the 
unwanted reflected electrons pass by. Or, a better 
method, used in the experimental image isocon, is to 
admit the scattered electrons into an electron multiplier 
while intercepting the reflected electrons on the edge 
of the multiplier aperture. 

For higher target potentials, corresponding to the 
brightest parts of the picture, a small fraction of the 
scattered electrons fall above the line E-E and are lost. 
This is the consequence of the wider scattering pro- 
duced by the increased impact energy. It is advisable 
to operate so that the separation edge E-E passes 
approximately through O, the center of the scattered 
beam. Under these conditions, at all light levels, half 
^f the scattered electrons are utilized and the linearity 
of response is preserved. 


Operation 


The helical motion of the primary beam necessary 
for separation of scattered electrons is obtained in the 
case of the experimental image isocon shown in Fig. 
21-23 by positioning the aperture labeled “beam aper- 
ture" slightly off the axis of the tube. This aperture is 
approximately forty mils in diameter and is located at 
an antinode in the beam. The beam emerging from the 
defining aperture is made up of electrons having all 
directions of helical motion (Fig. 21-26). The beam 
aperture at the first antinode selects out a group of 
electrons to form a primary beam having the proper 
helical motion for separation of the scattered electrons. 

A second aperture labeled "multiplier aperture" is. 
also in the plane of the antinode and located relative to 
the beam aperture so that it passes only the scattered 
electrons in the return beam. The first stage of the mul- 
tiplier is mounted immediately behind the miultiptier 
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Fig. 21-26.—Electron paths in a uniform magnetic field. 


aperture. The upper edge of the multiplier aperture 
serves as the separation edge E-E. The reflected elec- 
trons are intercepted on this edge of the multiplier 
aperture and do not enter the multiplier, The output 
signal from the multiplier is modulated with the oppo- 
site polarity to that of the image orthicon, having maxi- 
‘mum current in the light instead of in the dark. 

In addition to the special apertures for the gun and 
multiplier, the wall screen 52 forms an essential part 
of the tube. This screen is of fine mesh, and, being 
‘mounted at an out-of-focus position, is not resolved by 
the beam. The strong uniform electric field produced 
in front of the target by this screen is necessary to 
minimize the residual scan of the return beam, and to 
reduce beam bending in the vicinity of the target. The 
latter effect may give rise to spurious edges in the 
transmitted picture. 

The need for restricting the scan of the return beam 
is essential to successful separation of the scattered 
electrons. If the return beam moves appreciably, rela- 
tive to the separation edge E some of the reflected 
electrons may enter the multiplier and give spurious 
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shading. Inasmuch as the deflection fields serve only 
to bend the magnetic lines of the focusing field, it might 
be expected that the return beam would exactly re- 
trace the path of the incident beam. 

The need for a strong electric field in front of the 
target of an image isocon is a consequence of the meth- 
od of separating the scattered electrons. As indicated 
in Fig. 21-27, an electron approaching the target at a 
boundary between a white and dark area will be de- 
fected toward the more positive area. 

‘The transverse impulse at the target causes the elec- 
trons to follow a different diameter helix on their re- 
turn path and results in their displacement relative to 
the separation edge. For certain orientations of the 
black and white boundary at the target, the reflected 
electrons may be deflected into the multiplier aperture, 
giving a spurious bright edge on the boundary of the 
transmitted picture. 

To minimize this effect, the electric feld in front of 
the target should be at least 500 volts per centimeter. 
Even with this field some beam deflection will occur 
and the transmitted picture will appear slightly differ- 
tiated if the selection edge E is located as shown in. 
21-25. This procedure eliminates the spurious 
edge effect but reduces the output signal by one half, 


Operating Adjustments. 
Theoretically, the scattered-electron tube shown in 
Fig. 21-23 should not require any special adjustments 
when first inserted in the camera coil and power is ap- 
plied. The multiplier aperture is so located relative to 
the beam aperture that only scattered electrons should 
enter the multiplier, giving immediately the proper 
polarity signal. Unfortunately, the electron-optical 
conditions are sufficiently critical that a slight misad- 
justment may produce either no picture at all or a pic- 





. ture of wrong polarity. The most likely causes for a 


poor initial picture are (1) bad mechanical alignment 
of the tube or coil (2) improper voltages or fields to 
give an antinode in the plane of the separation aper- 
ture, or (3) too much residual scan in the return beam, 

In experimental tubes, misalignment may be the 
principal offender. An alignment coil (Fig. 21-23) 


_ over the gun, giving a small transverse field of variable 


direction and magnitude, is the most satisfactory means 
of correcting for existing misalignments, 

The alignment should be adjusted while watching 
the picture. The principal effect of the alignment is to 
center the beam properly over the beam aperture, 
rather than to give it helical motion. A widely diverg- 
ing beam from the defining aperture is necessary, to be 
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sure that when the beam is properly positioned over 
the aperture to select electrons of correct helical mo- 
tion there will be some electrons having that motion. 

The present method of separation of scattered elec- 
trons is based on having an antinode in the beam in the 
plane of the separation edge. Thus, a particular ratio 
of gun voltage to magnetic field strength is required to 
‘match the tube dimensions. Nonuniform shading in the 
video signal of the image isocon electrons can nearly 
always be traced to too much residual scan in the re- 
turn beam. Although the decelerating screen S2 in Fig. 
21-23 greatly reduces this scan, it may still be exces- 
sive unless proper operating precautions are taken. 
The beam on its initial and return passage along the 
curved magnetic lines of the deflection coil will acquire 
additional helical motion which may cause the return 
beam to scan over the edge of the multiplier aperture. 
This scan may be eliminated by adjusting the distance 
of the deflection coil from the target so that the helical 
motion induced in the incident beam by the deflection. 
coil will be cancelled by the effect of the deflection coil 
on the return beam. 





The Sidatron 


The skiatron is a television picture tube developed 
especially for television projection systems. In this 
application itis far more efficient than the conventional 
fluorescent-screen tubes. This is largely due to the fact. 
that a diminution rather than an intensification of the 
light output of the tube is utilized in forming the image. 
Thus much better definition is made possible. 


‘SKIATRON 
‘TUBE. 





Lont source 


ELECTRON cum CATHODE RAY BEAM 
Courtery Seophony Corp. of Amer. 
Fig. 21-28e—Diagram of the skiatron and its associated pro- 
jection system. 


The tube together with the rest of the projection sys- 
tem is shown in Fig. 21-28. The "dark" image that 
forms on the crystal screen results from the following. 
action. The screen, which is a mosaic of crystals (usu- 
ally potassium chloride), darkens at the area struck by 
the electron beam. The intensity-modulated electron 
scanning beam will then produce a "negative" of the 


original image, provided the phase of the signal is 

This negative image is projected as itis formed onto 
the projection screen where it appears in its final "posi- 
tive” form. It will be noted that unless it is projected 
onto the screen, the “dark” image is unsuited for view- 
ing purposes, unlike conventional projection systems. 

The mechanics of the image-forming process on the. 
crystal screen is not understood too well. It is believed 
that when the electron beam strikes a crystal element 
f the mosaic, which was originally fairly transparent 
to the light from the source, the crystal becomes polar- 
ized in such a way as to become opaque. The degree of 
‘opacity is proportional to the intensity of the electron 
beam. 





Visual Indicator Tubes 


A visual indicator tube, which is sometimes called a 
‘tuning indicator, is essentially a special type of cathode- 
ray tube. Although it is frequently used on test equip- 
ment as an indicator, its most common use is as a 
tuning indicator that shows when a receiver is tuned 
in properly on a radio station. 

As is shown in Fig. 21-29, a visual indicator tube 
consists of a triode P, G, and K and a modified cathode- 
ray tube, K, V, KS, and T in the same glass envelope. 
The cathode extends beyond the triode plate section 
and also serves as a source of electrons for the cathode- 
ray section. A cathode shield K'S is positioned in such 
a manner as to prevent the red-hot cathode K from 
being seen from the top of the tube. A thin metal ray- 
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control vane V, which functions to control the opening 
of the shadow angle, is located between one side of the 
cathode K and the fluorescent target T, and is electri- 
cally connected to the triode plate P. The fluorescent 
target is inclined at an angle to the axis of the cathode. 


Fig. 21-30.—The circuit 
connections for the visual 
indicator tube. 


The target T is connected directly to the power- 
supply voltage, as shown in Fig. 21-30, and a resistance 
R is connected between the target and the triode plate. 
P. The plate and the ray-control vane V are conse- 
‘quently always at a voltage that is less than that of the 
fluorescent target by an amount equal to the voltage 
drop across the plate-target resistor R. This voltage 
drop depends on the magnitude of the plate current, 
which, in turn, is dependent upon the value of the grid 
voltage. 

‘Suppose that a sufficiently high negative voltage is. 
applied to the grid G to drive the plate current beyond 
its cutoff value. Since no plate current flows, there is 
no voltage drop across the plate-target resistor. The 
triode plate and ray-control vane are, therefore, at the 
‘same potential as the target. Now electrons are being 
‘emitted by the hot cathode in all directions and since 
the fluorescent target is positive with respect to the 
cathode, the target attracts these electrons. As a re- 
sult of this electron bombardment, the entire fluores- 


Fig, 21-31.—When 
ue rS 
negative, the shadow on. 
the target is narrow. 





Cent target becomes illuminated with the X-ray- 
control vane. The appearance of the target when the 
triode grid is highly negative is shown in Fig. 21-31. 

Now assume that the grid is no longer negative, but. 
instead has zero volts applied. Plate current will flow 
and a large voltage drop appears across the plate-target 
resistor. The positive voltage of the triode plate and, 
therefore, of the ray-control vane is now considerably 
lower than the positive voltage of the target by an 
amount equal to the voltage drop across the plate-target. 
resistor. Although the ray-control vane is positive with 
respect to the cathode, this vane is now highly negative 
with respect to the target. The electrostatic feld be- 
tween the ray-control vane and the target is, therefore, 
of such character as to result in a repulsion of the elec- 
trons emitted by the cathode in a direction away from 
the ray-control vane. Consequently, no electrons will 
strike the fluorescent target in the vicinity of the ray- 
control vane, so that this portion of the target will be 
dark. The appearance of the target for zero volts on the 
triode grid is shown in Fig. 21-32. 








voltage on this grid 
Approaches zero, the 
shadow widens as 





The negative control voltage applied to the triode 
grid (or the lack of it for the zero-voltage condition) 
may be obtained from a circuit in à radio receiver, this 
circuit being known as the automatic-volume-control 
or avc circuit. In a circuit of this type, a highly nega- 
tive voltage is developed when a radio station is tuned 
in accurately, and if this negative voltage is applied to 
the grid of a visual indicator tube, it will be seen that 
the shaded sector will reduce to a narrow line as indi- 
cated in Fig. 21-31. On the other hand, if the receiver is 
not accurately tuned to the radio station, then very 
little (or no) negative voltage will be developed by the 
ave circuit and the angular sector of the visual indicator 
tube will appear as shown in Fig. 21-32. 





Аа Р.М Tuning Indicator 


Late in 1946 the General Electric Company released 
a new tuning indicator which worked on cathode-ray 
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and was suited ideally for f-m receivers, al- 
though it can also be used on a-m receivers. This type 
tube is known as a 6AL7-GT, a schematic of which ap- 
pears in Fig. 21-33. 





Fig. 21-33.—The 
schematic of the GAL- 





Courtesy CE 


This tube can make use of both the discriminator 
output voltage and the limiter grid voltage. It can be 
used satisfactorily with just the discriminator voltage 
alone, but it then is not able to distinguish whether the 
receiver is on tune or off channel. For, when the dis- 
criminator output voltage is used alone, the pattern for 
on tune or off channel is the same because the discrimi- 
nator output voltage is zero in both cases. 

‘The tube is made sensitive enough to respond to a 
voltage difference between +0.2 volt with respect to 
ground ; this is within 2 ke of the discriminator tuning 
for distortionless signals. This discriminator output is 
connected to one side of a center-divided deflector (de- 
flector No. 2 in Fig. 21-33). A space-charge grid is 
used to increase the sensitivity of the tube. The de- 
flector is so divided to form a method whereby the 
deflection of one half of the pattern can be compared 
with the other half. The other half of the divided de- 
flector is usually grounded (deflector Ni i 
21-33). providing a reference pattern with which the 
pattern due to deflector No. 2 may be compared. 

Since one side of the discriminator load is usually 
grounded, the changing discriminator output voltage 
appears across both these deflector electrodes. On one 
side of the cathode is placed this divided deflector, and 
on the other side another deflector is placed to form a 
fixed boundary for one side of the pattern (deflector 
No. 3 in Fig. 21-33). The first limiter grid (if more 
than one limiter is used) is connected to this electrode, 
and the limiter voltage, therefore, appears on this de- 
flector and is used as a voltage which determines one 
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Couriers GE 
Fig. 21-M.—The 6AL7-GT connected in a f-m receiver em- 
ploying a limiter. 


boundary of the target pattern. This deflector enables 
us to distinguish, by different patterns, when the re- 
ceiver is un tune or off channel. A circuit diagram of 
how the tube usually is wired for operation in conjunc- 
tion with a limiter and discriminator is shown in Fig. 
21-34 

In Fig. 21-35 are illustrated the target patterns un- 
der different conditions of discriminator output. In 
pattern 1 four squares are shown where РІ, P2, and 
P3 are produced and controlled by deflection electrodes 
No. 1, 2, and 3 respectively ; there are two P3 squares. 
Patterns 2 and 6 are for minus and plus off-channel 
conditions, respectively. These patterns are identical 
because there is zero voltage output from the discrimi- 
nator and no limiter voltage. The size of squares P3 
is controlled by the amount of limiter voltage; the 
higher this negative voltage the smaller the squares, 
and the lower the negative voltage, the larger the 
squares. Consequently, in patterns 2 and 6 the bottom 
half is of maximum depth due to the absence of limiter 
voltage. 

In pattern 4 the receiver is on tune, which means a 
‘maximum negative limiter voltage and a zero discrimi- 
nator output voltage. Thus the pattern is much smaller 
than those off-channel patterns of 2 and 6. The decrease 
in pattern 4 is seen to be in the bottom half due to the 
limiter voltage. 

In patterns 3 and 5 where the discriminator is off 
tune, limiter voltage, although perhaps not a negative 
maximum, is still present, limiting the bottom half of 














Fig. 21-35 —Various target patterns under different conditions of discriminator output. 


SPECIAL PURPOSE CATHODERAY TUBES 847 


the patterns to a smaller size as compared with the 
patterns of 2 and 6, In pattern 3 the discriminator is 
off tune and presents a negative signal to the No. 2 
deflector grid, making square P2 reduced in size. In 
pattern 5 the discriminator is also off tune and presents. 
a positive signal to the No. 2 deflector grid, making. 
square P2 increased. You will note that the deflection. 
due to the positive off-tune signal is greater than the 
deflection for the negative off-tune signal under the 
same amount of positive and negative discriminator 
voltages. This is a result of the use of space-charge 


operation of the deflection system (due to the space- 
charge grid). Deflection in the positive region would 
‘be much greater if a cathode bias resistor (3,300 ohms 
as seen in Fig. 21-34) were not used. This resistor 
places a positive voltage on the cathode with respect. 
to the deflectors and the space-charge grid, so that with 
a positive discriminator signal the deflectors do not 
draw appreciable current. 

The negative bias on the space-charge grid reduces 
the brightness of the pattern and increases the deflec- 
tion sensitivity. 





CHAPTER 22 


COMMERCIAL OSCILLOSCOPES AND RELATED EQUIPMENT 


АШ types of oscilloscopes and similar equipment employi 
cathode-ray tubes will be considered in this Chapter. The im- 
portant specifications, such as horizontal- and vertical-ampli- 
jer responses, sweep speeds, deflection factors, and power rat- 
ing, are given for each instrument, In addition, there is a de- 
scription of each instrument, in greater or lesser detail, 
ing on the existence of any unigue features in the particular 
nt. Most of the conventional, general-purpose oscillo- 
e litte, if any, description in addition to the specifi 
"because the information about such circuits has been 
i previous chapter ol he ook. 
The special-purpose instruments, such as synch 
hydrauloscopes, engine analyzers, signal tracing: and Due 
servicing oscilloscopes, etc, are also included in this 
land their circuits are discussed commensurate with their com- 
Mex and departure from conventional forma., i 
schematic diagram is given for each piece of equipment, 
as well as its tube complement. Where the tube data is included 
in the schematic, it is omitted from the specifications. The in- 
struments are listed alphabetically by manufacturer and, under 
‘each manufacturer, by model number and letter. 

n these analyses, the attempt has been made to be as concise 
as possible from considerations of space and convenience and 
Yet rerent suficient information to 
its potentialities. 

AEROQUIP MODEL 10.000 
Farguency Resronse 
'ertical Amplifr Flat, d.c. to 10,000 cps, 1 db dows 


20,000 cps 
Sweep Circuit 15, 3, 1, 03, 0.1, 003, 0.01, 0.003, 0.001 
seconds 



























the instrument and 








Law Raine 105-125 volts, $0-1,800 eps 
Tons Cowrixrwr 


Type Function 
12AH7-GT (VIA) Y-Amplifer Ir 
12AH7.GT wis} x. Aie E 
12917.67 (ҮА) 2nd ¥ 





12517:6Т (as) 
2050 





in pressure fa a hydraulic 
tion. It wil respond faithfully to static or transient phenomena 
goo. reaaency ы! А) ср, ТЬе теш Чеш! пау е той. 
externally or internally, to accept the output of practically 
re which convert changes in some. 





diameter, thereby stretching the wire and increasing its resis 

ressure ranges are obtained by vary- 

tube. The second arm of the bridge 

is a winding identical to the first, but not subject to pressure 
Changes This winding is used for temperature compensation, 





"The horizontal or X-axis time-base circuit cons 
thyratron 138 and an R-C charging circuit. Nine fixed time 
bases are provided, and are selected by a switch. The rates 
range from 15 seconds to 1 millisecond per sweep of 3.5 inches. 
This time bane generator is connected directly to the X-TIME 
amplifier which uses a 12AH7-GT tube V18 feeding the hori- 
zontal-defiection plates of the cathode-ray tube. The starting 
position of the trace is controlled by the X-POSITION con- 
trol 


X Selector. 


"Toegenerstor ИЗВ пау be triggered in different ways, as 
selected hy the X-SELECTOR switch S4. In the CONTINU. 

















OUS position, the grid bias of 38 is adjusted by RJJ to the 
point where the thyratron acts as a relaxation oscillator, These 
oscillations may be synchronized, if desired, by the application 

ЕМА 


of a signal between terminals and B of the EX 
cle 12, 


тесем 

In the INTERNAL REPEAT position, suficient bias is 
supplied to УЗИ so that it will not nie un receives 
ral from the Y amplifier through C34. This signal 
Yowitive and must correspond to an upward deflection greater 
than one-quarter i 

In the EXTERNAL REPEAT position, 732 may peti 
SRE pa FP et ety nn 

EAT. receptacle J2. Thin in usually done by means of a labis 

id from some clement in the hydraulic system, 
ach tme the contactor cloves, VJA will receives trigner pulse 
The EXTERNAL SINGLE position of the X-S OR 
switch connects the second thyratron V34 between the EX- 
TERNAI receptacie /2 and the gri [ 

‘When the contactor closes, 34 conducts and sends a signal 
to 38. Since there is no capacitor in the anode circuit of 734, 
this thyratron will remain conductive regardless of the opening 
and closing of the external contactor until the anode circuit 
broken by pressing the reset button S1 

ÍR can receive a signal only at the instant V34 begins 
to carey current. itia apparent that oniy om trace wlll be drawa 
he ret button is operated: 1a the INTERNAT- 
SINGLE position, operation is the same as the EXTERNAL- 
SINGLE position except that the trace is initiated by а ро. 
бус ral from tbe Y-axis amplifier, A sweep of the beam may 
also be initiated in the EXTERNAL position by a pulse of 
positive voltage (six volts minimum) applied to terminal 4. 


‘Timing: Wave Oscillator 
In order to provide accurate indication of time intervals on 


















the X-axis. a stable resistance-capacitance coupled oscillator ia 
included, This circuit uses a type 125]7 tabe V74 and is ar 
TED 'of oscillation with the 
Rss S1 Oe e 15. 1, and. positions, the 
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BETA ELECTRONICS MODEL 701 


Fasguency Rrsroxse 
Vertical Amlier 10 сро 50ке, 1096 
Sweep Cireut 25 eps to 2 


Der.zcriox Factoss 


Wertal Ample 006 pls rms/inch, 
Horizontal Amplier 0065 volts rms/inch 
Tame Rrim 110-12) volts 50-60 cps 
‘Tone Courtet 

Type Function 
e а Боа Арес 
MAUI (n Meriana Anken n s 
SBG (Va) Horizontal- Defection Amplifier 
C8 (VS) Horizontal Sweep Oscillator 
SU4 (V6) High-Voltage Rectifiers 
SNPA (V7) Cathode-Ray Tube 
1B3G (V8) High-Voltage Rectifiers 


‘The schematic circuit diagram for Model 701 is shown in 

Fig. 22-2, This instrument was designed for educational pur- 
poses, and cs conventional circuits, Tt has a large pereen 

hich makes Nt suitable for waveforms to" 

nem or oer gree Tae totems or 

be used in industrial or research applications, where 






































Fig. 22-2—Schematic of Beta Model 701. 
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BROWNING MODEL OL158 


Farguency Resroxse 
Vertical Amplifier Sep to 6 Mc. at within 3d 
Horizontal fo 1 Mic, Rat within 14b 


‘Sweep Circuit 5 cps to 

Drruection Facroas 
Vertical Amplifier 005 rms volts inch 
Vertical-Deflection Plates 100 rms volts inch 
Horizontal Amplifier 0.05 rms volts/i 
Horizontal-Deflection Plates 100 rms volts /inch 

Line Ravine 115 volts, 60 eps 

"The schematic diagram of Model OL-1SB Oscilosynchro- 





scope is shown in Fig. 22-3. The two general clases of signale 
that may be studied are: € 

T. Signals whose duration is long compared with the time 
between successive signals under observation and, 2. signals 
Shove duration ie ort compared to heme between mese 





The input of the triggered generator can be derived either from. 
the delay circuit output or sync amplifier output. The triggered. 
generator feeds into the cathode-ray-tube horizontal plate cir- 
uit, when switched in, and also into the intensifier. The inten- 
siier goes to the first grid of the cathode-ray tube. 


Input Ciel and Sawtooth Sweep 
"The vertial-amplifir in i. cathode-ollower 
wings te vera ei ote le RE, КЧ 
s change of 


78 to block d.c, thereby preventing. 
Че иш о i varied УР Иа Pe are 7407-9 
or 








lifer stages. V2 and Û 3 use plate-circuit inductances. 
Frequency compensation, 14 isa combined voltage amplifier and 
phase inverter. A balanced vertical output stage of conventional 
design is used: Resistors R29 and R29 are parasitic suppressors. 

ш system of, the horizontal ampliher is almost iden- 
tical to that of the vertical amplifier with the ex: of the 
calibrator circuit, A 6C4 with 











this condition as C52 charges through R99. When the voltage 
‘on the grid of J 16 reaches a certain 
to fow again and the voltage across. 





ition where it remains until another trigger signal arrives, 
Thus, a negative voltage will be produced at the plate of 15 
and a positive voltage pulse at the plate of 716. 

‘C52 and R99 are chosen to produce a gate whose duration 
as long as the sweep time desired. In this case itis 1.25 
оя шенеу ul detection at 025 microsecond jer 

A portion of te positive output of -16 is applied to the v 

"17. triode No. 1, which has been biased to a condition of 
Very small plate current. As the pulse is applied, the tube con- 
ucts and a large negative pulse appears at the plate 

T'IT, section 2, is normally conductive so that the sweep 
capacitance selected hy SEC will be charged to a voltage deter- 
taped by the relative impedances of РЎ section, 2, and УТЕ 

he negative voltage at the clamp’tube 117, section 2, 
ш об сытта н Өй би тер мей sain 
through 1718 ata linear rate. This voltage ts applied to the grid 
of PI? through a compensated attenuator and appears as 
positive sweep voltage at the plate of V19, Negative and posi 
tive sweep voltages are applied to the horizontal-deflection 
plates of the cathode-ray tube. At the same time as the sweep 
I 'applied, a positive pulse from the sweep gate is impressed 
on the intensity grid o he cathode ay tube, 

With SYNC SELECTOR in EXT NEG position, a nega- 
tive trigger at the SYNC INPUT terminals i» passed throug 
RBS, the SYNC GAIN control, to sync amplifier V3. Thi 
alse appears as positive at the plate of V13 and triggers the 
Sweep gais through the agne inverter VIA, With SYNC 

R in EXT POS position, a positive trigger at the 
SYNC INPUT terminals is passed through the SYNC GAIN 
Control to the syne inverter which, in turn, triggers the sweep 
ate. The triggered sweep circuit may also be triggered from 
the video amie. atin he eave for internal syne using the 
sawtooth necp. SYNC SELECTOR wili he in either the 
POS SIG or NEG SIG position, as the case may be. 


‘Tigger Generator and Delay Creat 

An BBA ihyratron relaxation oscillator serves as the trigger 
timing source in the OL-ISD. A resistor RIIS of 200 ohms ls 
inthe cathode circuit ofthis tube £20, When 1/20 Gres. sharp 
village pale is formed acrore RA. Thi pulv h inverted fy 
TIB and triggers 121 which operates in a similar manner t0 
diat {бє кеу ме кийдим ТМ width ot e delay 
multivibrator gate ls adjustable by means of R127. the DELA 
CONTROL. RIS and RIZA are a concentric shalt dual con: 
{fol with RAZZ (1 men) for corse phasing control and R127 
(70,0 ohms) for fine phasing control 

With $10 in SWEEP DELAY position, the negative out- 
put of the gate is differentiated bythe networkin the Reid cit 
Sive PSP Sc VE triode Na, Iit a zero Rian condition, 
б име короду ону to erai grid excipe m Ua 

ive trigger voltage appears at the plate of V22, section 1, 
заде н кий he leading edge of the delay gate. 

"At the same time, the negative trailing edge of the gate out- 
put at the pate ofthe second tide pd throug CAS 10 
Tigger биг шибе гош he rre emper VIT 

ith this ith respect to 
the output ters in TRIGGER E ston ieie” 

T delayed with respect to the sweep. Since the wid 
Say malta crest cannot be ea eo ere wold 
Sortally be impossible to reduce 1 ween the trigger 
Vai rectg to lens un about 2 losetend, oo gt the Rer 
ould not be phased to occur during the two fastest sweep 


















































speeds. 
To overcome this dificulty, R123 and C66 are used in the 
circuit to delay the start of the sweep by about 2 microseconds, 


so that the trigger can be phased in to zero time with respect 
to the sweep start. 

"When TRIGGER RATE is turned to the extreme counter 
slocewie poston, S13 is opened and 120 is heavily biased 10 


me ‘positive trig 
Ser oat len % pels ale o ÎNE DELAY SYNC IN wl 
ге án turn, will operate the t: 





"delay circuits in the same manner as for the free-running 
condition of the trigger generator, 
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COSSOR MODEL 1038 
Fanguexcy Resroxse. 
Vertical Amplier (YI) 20 cps to 7 Me (15% down at 
Vertical Amplifier (Y2) 20 cps to 100 ke (1596 down at 


100 ke) 
‘Sweep Circuit 150 milliseconds to 15 microseconds 
Dartecrion Factoas 
\Vertical-Deflection Plates 675 d-c volts/mm 
Horizontal- Deflection Plates 800 d-c volts/mm 
Lis Ragenc 105/15, 120/130, 20/215, 216/214, 215/28 volts, 
0 to 100 cps. 


Tuse Couret 
т) ‘Function 
Вр Toga fale AE Anlitr 
. input 
SISPT УЗ) Driver 
SLBT (V4) Cathode Follower 
SUZISOA (VS) High-Voltage Rectifier 
GSSPT (V6) Voltage Regulator. 
SDE (VA p, 
SPT Transitron Oscillator 
63SPT (V9) ‘Time-Base Generator 
ома (у) Buffer 
SD6 (V11, Voltage Limiter 
63SPT (V12) Phase Inverter 
6LBT (V13) Cathode Follower 
89D (CRT) Cathode-Ray Tube 
‘The schematic circuit diagram is shown in Fig. 22-5. 
Al Amplifier 
‘The vertical amplifier uses an input tube V2, a driver V: 





a cathode-follower output 1/4, and provides negat 
às à means of gain control. Signals to the Y deflection plate 





‘normally pass through the amplifier, although direct connection 
to the plate is possible at the side of the instrument. 
A tapped network a ive feedback from the cathode 





gf the output tube P13 to, the cathode ofthe input tube P2 and 

requency compensated by capacitors arranged е 
тоа te eve phage change tat would 
‘occur in 714 if they were in the cathode circuit of that tube. 


m 
The gain of this single-tube circuit V4 is adjusted on the 
vlt rng бу the presat cathode- feedback control R105. The 
Sensitivity swich, S6, allows fve gain settings and gives con 
trol ranges from 000-500 volts 10 5-03 volts for full-screen 
defection; it ia arranged as a frequency 
stor, 
Time Bose 
The time-base circuit uses five tubes. A Miller integrator 
Sieh S, nine Rais scanning peste re pone: Tee Uae 
switch S9, nine base scanning spects are 
Мос operates repetitively or may be triggered by pube from 








т вык м ак ма зәмо R4 IK 
M 228 Ай к AO Lk кз 470 
з к а 2кҝк м0 22м R76 
M ak Аз 200 RS 7 
RS к RO ISK о M 
қ е BI OEK 53 Ld 
А 1 A2 SK NM L-] 
м ок Юз IMQ RSS ка! 
жә ык и IMQ RSS A 
RIO Seok RIS 100K АЎ A 
Ri4 ZK — M IMQ Ао R 
RIS SK R7 IMQ RO Ass 
RIG I MQ RIB IMQ R пе 
NJ i2MQ RS |MO M5 a7 
RIS 22MQ M 12M0 Re ма 
мэ ык н 1200 А67 M 
RO ik Ra IMQ Me 90 
кн Фк мз 22K M к 
Ай юк м к О A 
кюз к MS 90 M! A 
Ки ко оюм mg ND 4 
RS к ORT JMO MD R95 








the Al amplifier or from an external source. The 
signal may be either positive or negative in sign. The 
is selected by the syne selector switch S16. In the 
it time base can be synchronized by an 
ule ora in the cave of te trigger ile from an external 
Source. The selection sync signal 
seen Sis - 


| 


discharge current from C34 maintains 
ing this ‘and ensures that a 
applied to the suppressor via C43 ( 
drop at the V9 anode transferred to the V8 suppressor through 
‘$12 and C43), The scanning period continues until the linear 
decay in anode voltage, determined 
CH and ROI, reaches the bend in the plate characteristic curve 






iy for 
"The charging time of C4 correspond with the f i 
of the cathode ray tube spot. Am alternative point of view is 
"at V is cot off during flyback, since C43 i» charging from 
negative to positive at the suppressor grid point in the circuit. 


triggering 
fed to the TRIGGER OR SYNC terminal and to the grid of 


V12 via $16, C49, and potentiometer R120. The polarity of the 
pulse fed to the grid of V10 is selected by $16, which connects 
Either the anode 


cathode of V12 to the buffe ‘The trig 
or cat I fer tage. 





R% EMO. 
RT 47K 
R 470K 


к BW Si 
E BE S 
m BE S 
юк 125 400 СЮ 
s 5s 
HE EE 
a ey E 
aK а њи см 
10000 СЗ ie cs 
IOK Cs NW с 
Pins 
юк a 8 сз 
zx с «s, c 
* 1. 
ЕЕН 8 
: 
47K cn iw си 
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856 COMMERCIAL OSCILLOSCOPES AND RELATED EQUIPMENT 


Fanguency Resroxst 
Уеа Ample S ps to 100000 
‘Horizontal Amplifier $ eps to 100,000 eps 


Sweep iret 1 pe to BION cps (sawtooth) 
Dercacrion Facrons 

Verial Amplier 030 rms yolt/inch 

Vertical Delection Plat 3) es vots/ich. 

Horisonal Arpliter 055 rms volts 

Horizontal. Dedection Plates 3 rms volts/inch 


Lane Ratina 115/230 volts, 40-60 cps 
Тозт Сомтлмккт 


Type Function 
ЗАР (у) Cathode-Ray Tube 

«б (V2 Vertical Amplifier 

6C6 (V3) ‘Horizontal Amplifer 

Du Mont 2B4 (V4) Sawtooth Sweep Oscillator 

ES Full- Wave Rectifier (Low Voltage) 
80 (V6) Half-Wave Rectifer (High Voltage) 


‘The schematic circuit diagram for Model 164-E is shown in 
Fig. 22-6. 


PARTS LIST FOR 
DU MONT MODEL I64-E 


Ci osal i500V Ri 200K 4W 
Са ози бюу Ra уюк ИМ 
C3 Bal 190V elec. Ry ame 2W 
GAY ata nt sv eee. P unas 
C5 0.05 wt 400V RÓ 4meg. 2W 
жые у Ж» 
CB o.25 4ooV R8 15K KW 
с “ = Ro 100К ИМ tio% 
сө “ » Rio s60K 1W 210% 








Cir 3e. Rit 90K 1W 210% 
Cia oos af 400 Ria Bio ohm ИМ = 
Cig oat 7 Rig 0K 3W “ 
© оом ЖБК». com 

Cis 001 uf Rig aK 10W £s% 
C16 2400 wat $00) Ris 47 meg. KW 210% 
C17 620 nal RI6 47 meg. KW 10% 
C18 120 maf “ Riz ot K IW £s% 

Сло so ef 120ү RIS 1 meg. SW лоф 
Cao asd oV elec. Rig 4oK SW “ 
Cat 3900 wa 500 Rao Rao ohm JW “ 


Cargo “ Rat gt K 1W £5% 


Cas 0.1 pf 1000 Raz t meg. 4W t10% 
Сац олм абу Rag оок Им" 
RAIKMW  “ 
Li 8hoogsamp Ras 10K 3W “ 
La 6omh Peaking Coil Ей доку = 
Ly mh * * Еу оким = 


Fanquencr Resronst 
ertical Amplier 15 ps to 30009 
Horizontal Amplifier 15 cps to. 

‘Sweep Circuit 15 cps to 30,000 cps 





eria Aempilfer 1046 rma vols /inch 
i rma 
Vertical-Deflection Plates 20 rms volts inch 
‘Lame Rarinc 115/230 volts, 40-60 eps 





Rectifer (Low Voltage 
Hali Wave Reiher High Volte) 


80 (V7 
The schematic circuit diagram of Model 168 is shown in 





wich enables the input sal 
vl te cade ay 
er of through bo verti 


Fig. 227. A special 3-position 
to be applied directly to the 


through the frst amplifer 


PARTS LIST FOR 
DU MONT MODEL 168 




















У E 
Ca f. rooov, R3 15K pot. 
Сз oisi 1 R4 ameg. pot. 
Са ооѕиі. 400v. Rg 4meg. pot. 
а Ouf. 1000v. E эр n 
== 
Су боомиі. Soov. КВ 200K pot. 
CB asco mmf. 500v. Ro 100K 1 W. 
Co oon. oov. Rio sooK у; W. 
Cro ooqaf. ооу. Ru 6K % W. 
er ot ооу. 100K ы 
Soe T 
Oost. qoov. Rt ing. иу. 
O0SaÍ. 400v. Rió x LA A 
Bai. 150v. RI7 750 ohms 1⁄4 W. 
nf. 450v. RiB 750K. 1 W. 
af. asov. Rig 100K. 3 W. 
m nt бооч. d 10K. + Ww, 
E S M, 
Сат sowaf. 120v. Raa imeg. 4 W. 
ЕЕЕ HE 
j a oe 
E r BEY 
‘= = 
Ray agoK. 4 W. 
Ræ 750K. 1 W. 
Rap 100K, % W. 
R3 ттер 4 W. 
Ry 3K % W. 
р Am asov. 5 Ry ЗК ИМ. 
Е аах bi 
La &sH. 35ma. 325 ohms dc 
Ep ours 














DU MONT MODEL 175.4 


peta Cte 
a oo 
Horsonal Agite e pto 100,00] cpe, 1095 
‘Sweep Circuit 15 cps to 30,000 cps 
Duruection Factors (Maximum) 
Vertical Amplifier 0.030 rms volts/inch 
Vertical-Deflection Plates 24.5 rms volts/inch 
Horizontal Айн Ан: rms volts/inch. 
Horizontal-] Plates 27.0 rms volts/inch 
Lixz RatNG 115/230 volts, 40-60 cps. 
See, 
Type Function. 
SU fertical Amplifier 
V3) Vertical Output Amplifiers 
ary e 
Du Mont 2B4 (V7) Sawtooth Sweep Oscillator 
[SG (VB) R Amplifier 
Vai FEAT sty 
I4 
Su — Eum 
523 (V12] ‘Rectifier, -Voltage 
EM MEE im 
6F8G (V15) foliage 


‘Vertical Input 


‘The schematic circuit diagram of Model 175-A is shown. 


Fig, 228. There i à S.pole 4-position switch in the 
section of the oscilloscope. T wo 9f the positions 

Pies dedito tese cbe clade xy 
ther two (he input signal pases through, 
Smmlifers Jo both ihe direct or ampli her sections ol 
there isan L or H position. The £ positions provide 








Rt section к Rsa 
Ra section m R53 
R3 sooohms 34 watt watt к 
RE Soktwat Бао зотан 
RS SoK 1 watt. Ryo 2.5 K 10 watt 
a5 K % watt R31 1 meg. 4 watt 
g 2meg. Vs watt. Кз, ЕзгА 1.5 meg. 
seas net R33 1 meg. 4 watt Ro 
Ro тайман RU aSK poe 
Rio Bsoohms 4 watt 100 K !4 watt. Ror 
Rir tooku 1asoohms Ys watt Róa 
Ria E 10 watt 100 K 3 watt Rós 
Rig 25 K 10 watt 250 K 1 watt. Róg 
Rig жоК жн Ryo 4 meg. pot 10% 
Ке таана RD OK mut 
RI6, RIGA 1.5 meg. Rat soK 4 watt Rg 
м E a0 K И тай ва 
їй шерш т 
Xup ime poo КЦ оен Rm 
Rao sooohms 4watt R45 15K 3 watt Rn 
Rau krwt Res оК томаш Ҝәз 
Rag 50K 1 watt as K 4 watt. R73 
M Оюм Ч 
то 
Rij upd RG Kami RA 













‘This oscilloscope has special provision for grid 
of. intensity. i 
Salle the Z. 
signal applied to the 
Banking 
The Z-axis amplifier is also used for blanking 
the eathode-ray tube during the retrace time of the sweep 
tal. This is accomplished by connecting the plate circuit of 
о dir 
basically consists of a naf capacitor and a $0,000-o 
2 the sawtooth. wave passes 


pale The wid o 


sistor. 


à 
л 


network, the signal 
is in the form of a palse, The wie 
mately the same as the time duration 

i direct functi 


axis 





‘modulation 


In order to accomplish this, a 6]7G amplifier, 


lifer, 
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COMMERCIAL OSCILLOSCOPES AND RELATED EQUIPMENT 861 


Fazguexcy Resroxse 
Vertical Amplifier 2 cps to 100.000 cps, +10% 
Horizontal Amgliter epa to 100,000 cps, 10% 
Sweep Circuit 2 cps to 

Dar.zcriow Facross. 

Yertial Amplifier 0.010 rma volts/inch 


lection Plates 2 rms volts/inch 





Horisomal Avsptfer G3 ux vot ici 
Horizontal-Deflection Plates 22 rms volts/inch 
Linz Ratin 115-230 volts, 40-60 cps 
Тиз Соммлмкнт 


Tape Function 
GSN (V1, V4) Impedance Transformation Y-Axis 
oat Sage, Y-Axia Positioning 


йт (угуз y T. lifer ; 
Cole Phase-Inver- 


6V6 (VS, YA D- 
5G КК i 
SINIT Oe, vo) im ‘Transformation X-Axis 








Tp Sae: XA Роа 
був (уш, уп) XA DSC Coupled Phase Laver 
gra yD 
@ (ун) Low. Voltage Full Wave Rectier 
ФОЕТ/6 (V19 Wave Negative Supply Reci- 
sys vis Series- Voltage Regulator 
SS VD Voltage. Regulator Control Tube 
SI (V18) Neon Tube Voltage Regulator 





The schematic circuit diagram of Model 208-B is shown in 
Fig, 22:9, The only differences between, Models 208 and 208-B 
are'that 6SNIGT tubes are used in Model 208-B, where Model 
208 uses type GF8G tubes instead abo the SL. seres cathode- 
тау tubes in Model 208 have been replaced with SLP-A series 
in Model 206-B which are tubes of more recent The 
analysis to follow will be with respect to Model 208-B: How- 
ver, whatever is said regarding the circuit analysis of Model 
HB wilt also hold true for Model 208. 
Input Circuits 
arf, two-step attenuator is wed i ihe vertical input section. 
attenuator, whether in the "Under 25 volt rms” input 
eaten or "User 280 volt mi aput positam, controlled y 








switch SZ as shown on the schematic, limits the signal vol 
to the frst sage to 25 vols rm or lens, When swich S1 
is în the “Under 250 volt rms” position, a voltage-divider net- 
work is inserted in the input section and the signal voltage 
Splits up in such a manner that the voltage drop across the input 
rid circuit, consisting of K2, R3, and C3 s about 
10 per cent ofthe input signal, The remaining 90 per cent of the 
signal voltage appears across the parallel cireuit of X and 
This input switch attenuator is employed it overload- 
ing ol be input tae. Fhe Input impedance ia essentially We 
same for each postion of the switch, 

The pt stage in te vertical section is in the form of an 
impedance transforming circuit. This arrangement permit 

use of a low-impedance vertical gain control with a minimum 
amount of frequency discrimination and at the same time pro- 
vides for a high-impedance input. This input stage is a cathode- 
Follower circuit which utilizes one triode section P1 of a 
6SN7GT tube. 


Positioning Control 
The output from V3 ig fed to the grid circuit of 4 which is 
“positioning amplifier.” This amplifier is also arranged in the 
form of a cthode-fallower circu, with the signal appearing 
across the cathode lad. In this cathode circuit, the 13,000-ohm 
tentiometer A16 which functions as the positioning control 
Ein series with a 301000-ohm resistor; the total signal voltage 
Appearing across these two resistors. 

With a d-c potential of —280 volts at the bottom of R47 and 
the direct current of 1¢ lowing through the cathode circuit, the 
giis rons K1 ia such at xb ie af in er 

s positive as compared to a negative voltage of 7.1 
ls aif ober sod. TH mans Ua at approrteately Ug 
enter of 6, the de voltage is zero, Thus we can understand 
how this potentiometer can function as à positioning control 
The variable arm of R16 is coupled directly to tbe grid of VS, 
2 EVO tube acting as part of a direct-coupied phase-inverter 
Circuit. Since the coupling is direct, both the signal and dic 
Soltages in the cathode oad circuit of 1/4 are fed to the grid 
of V5. The 15,000-hm value of X16 is small compared to that 
‘of RUZ, hence the change in signal RS ded to VS, as RIS 
is varied, is considered to be negligible. This variation of RIS 
effectively controls only the d-e level of voltage input to the 
Sd ol Ps Sce ue sul vage uci a he Rheno 
Voltage are applied together to the grid of 5, the signal volt. 
age will move the screen spot about whatever positive value it 
assumes. The X-axis amplifier circuit is essentially the same 
As the Y-axis except that a two-stage amplifier in not employed 

‘the impedance transformation stage. 



































PARTS LIST FOR DU MONT MODELS 208 AND 208-B 








0. Sa. fs Cz2—1 f. у. z Ri K W. R4o—150K 1W. 
EX e а EIE Hz oma 
V. Cat. sae L1—7-19mh. Rro—tsoK IW: R42—400 ohm 1W. 
ый. Gs . 400V. теч Rao—asK 10W. Ras—75oK 1W. 
€ f. 350V. elec. f. 400V. 325 ohms de. R44—7s0K IW; 
f. ооу. SEM 1000V. L8—8h 325 ohms d.c. MO ту. 
Sets = Soy yw RS 
‘hand ce 3 ү кусы) Жу ж» 1W; 
Rag—t W. 
x Em EA 
Rs—asoK iW. R51—100K pot. 
R6—100K | Rsa—a00K 1W. 
Ry—asK 1W. Rs3—s00K pot. 
Ro aso oim HW. RER IW 
. d 
Ri = 1W. ASSUM 
Ris sk IW. 
Rr; MW. 
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Courtesy Du Mont Lahe 


Fig. 22-9—Schematic of Du Mont Model 208-B. 
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* DU MONT MODEL 224.4 
Furguency Risronse за 
Merten! Ample 20 pe to2 Me (miro эй 
io 


The schematic circuit diagram of Model 224-A is shown in 
Fig 22-10 Swich S1 controis the attenuation of the vertical 
sing resistive capacitive elements which vary the ime 
Seas mut ini ter ie 
.52 switches V1 from the Y-input to the probe connector, or 
vice versa, as desired. 


poli peres suero ue a iighioreerd circit with e 

‘of the voltage-regulator system which is 

hat different to merit some special comment. Essen- 

tally, the 6VOGT 1712 isa variable plate-cathode resistance fo 

series with R59 and R56. Therefore, the voltage drops of these 

resistors are a function of the 6V6GT plate-cathode resistance 

‘which, in turn, is controlled by the source voltage and the con- 
rq tabe, 2657, marked 723 on the diagram. 


The V12 screen and 13 plate are connected to the +190-volt 
point in the circuit. This connection is made through R71. If 
the voltage across C43 rises for any reason, the voltages across 
R70 and 09 increase and the bias on V13 rises. The reduced 
Current in X71 causes an increased screen potential for V12 
Fel eec гелон бе ае curre, coming in eet in 
increased plate resistance and a constant voltage drop effect in 
T'12 is obtained. If the supply voltage across C43 drops, the 
resistance of 712 goes down and, in any case, the potential 
acron C is a steady 190 volts die, Neon tube 14 stabilizes 
Potential drop across that portion of R6? connected be: 
tween C30 and ground. The voltage across C50 is the control 
voltage for V13. 





PARTS LIST FOR DU MONT MODEL 224-A 





Horizontal cpa to 100 ke (uniform within 
Sweep Crenit 15 epe to 30 ke 
Derizenon Facrons Ө 
Vertical Ampli 0.1 rms volt/inch, 
Vertical- Deflection Pats 35 hs уыс 
Horisonal Amplifer 07 rm voli/nch 
Horizontal- Deflection Plates 28 rims vot inch 
Luv Rarixc L5 volts, G0 cpe 
Тош Сомпамант 
Type Function 
9se Vertical Amplier 
Shoe) Vena Amtiter 
AE VDD Dial eral Ampliters 
E K Er nizing and Horizontal 
56 (V7) Horizontal Amplifer 
G7 (VA V9) Daal Horizontal Ampliers 
SZS (V10) Pull: Wave Rectiger 
acy) Hall. Wave Rectifier 
GVGGT(VI2) Voltare Control 
VI Voltage Regulator 
Si VA Neon Tube 
© i ооу. А. оюу. 
S SLE Em 
©) Sian nV. Ge 
C4 шу уюу. си 
CS ломи 50у. са 
G aaa, oov. ©з 
LETT eiee, са 
a at тоў. a 
Ср osat. боюу. 
Со озн. бюү. E 
Git d бу, 
Giz Ast oV. Сө 
Gia aiat юу. ©ю 
CH. 28s. soV. dec en 
FERIA e 
Gib. otal, оюу. & 
© озм. юу. 
Gib ossi. aV. n 
Cip атм. 1907. 
©ю ом. тюу. ы 
© зи. юч, G 
Фа ош у. 5 
Gb pop es g 
© 
сї 
2 k 
S E 
© 
S E 
e E 
B E 
Ru КТ. 





Riz Ryo BKW. 

Ru Re riiv 

14 т 20, T 

Ru Rsa 20K AW; 

ки “Rss 375K aW. 

Ri; R54 Smeg. 4 

Ri Rss 4meg. dual pot. 

Rig RS 5 meg. SW. 

Rao Rs; $meg. AW. 

Ra RSS 5 meg. 4W. 

Raa R9 took IW. 
Réo 100K iW. 
REL 4meg. dual pot. 
Róa ioK iW. 





f ESRF 


2-75 K 1W. in parallel 











COMMERCIAL OSCILLOSCOPES 


DU MONT MODEL 241 
Farguency Rrsroxs 


Vertical. 20 cps to 2 Mc (uniform within 3 db) 
rae Ашен ги e 1 шо. 


‘Sweep Circuit 15 eps to 30,000 cps 


Deruscrion Facroas 
‘Vertical Amplifier Without probe 0.07 (with 07) rms 
Vertical Plates 22 rms volts/inch 
Horizontal Amplifier 0,7 rms volts/inch 
Horizontal-Delection Plates 22 rms volts/inch 

Lane Ravina 115 volts, 60 eps 

Тиз Сомтлямант 
Type Function 
JS (V1) ae Fat Follower, Vertical Am- 
6AC7 (V2) ‘Amplifier, Vertical Am- 
6AG7 (V3, V4) Push Pull Vertical Driver Am- 
PL (VS) 
БТ ve vis 
есу 
6SN7GT (V8, V9) 
6592 суі) 
беу 
хот (У,у) 





PARTS LIST FOR DU MONT 
Ст ози. б00У. са 
Са 
9 yun & 
8 8 
8 8 
9 Сю 
Єт & 
8 G 
; 
a S 
2 
n 
8 E 
2 ü 
e ü 
en m 
Ra 
Rs 
Re 
Rs 
Ré + 
Е 
& x 





AND RELATED EQUIPMENT 865 


зз ол) Full-Wave Rectiser (Low 
Voltage) 
80 (vı) ut Wire Renier (High 
tage 
бувбт сула Electronic Voltage Regulator 
Ен Electronic Voltage Regulator. 


b prp EL 
2211, This equipment is similar, in, many respects, 
Du Moot Model 22-4 previouly shown, However, Model 
241 dues have some differences which will be discussed. 

12, V3, V14,and VAS represent 8 Z-axis grid control 
tem foc the cathode-ray tube 1/5. 12 drives the cathode-ray- 
tube grid through C42 and, in turn, receives ita excitation from 





‘The setting of R73 determines the polarity of the signal on 
tbe 1/12 grid and across R70. If R73 fs set so that the voltage 
between pin 6 of 1S and ground is applied to Cé4 and R70, one 
set to obtain a portion or all of 

in 3 of J/14 and ground, a signal opposite. 

ity 








Vi4V 15, thereore, is in combination with R73, a phase- 
sh or policy contra for he Та. Ты: ар voltage for 
fhe sage baie fom Р от геп ram the npa eal 
terminals marked Z-INPUT on the dlagram, When $7. the 
Zenignal selector, is et to its middle position, C4S ia connected 
to the plate of 13 whuch acta then a8 driver for Vid. 
СОЕ carat 
simply a erid (Z-axis) vollage amplifier 
"iriven by the 6Q5G sweep oscillator in the conventional mane 





MODEL 241 


Ru 2KaW. 
Ria 75KW. + 
10K. ЗМ. 
10K. 4W. 
z5KAW. 
so ohms JW. 


5 





Rao 

Rar 

E 

Ray 

ы ка 

ка m 

Ræ Rya 

Re Rs 

s да 

E i 

ки E 

Rss R 

E Ro 

y Rio 

x» Rêi 

3 R82 

Rao каз 

Rar RR 100K 1W. 

Re RBS soKiW. 

Ra каб 290K iW, 

Ru RE 750K 1W. 

RS Rao rook IW. 

Re Воо 200 K pot. 

E Ro eg eek 
meg. SW. 

Reo Ros roK KW. 2s% 




















COMMERCIAL OSCILLOSCOPES AND RELATED EQUIPMENT 867 


Vertical Amplifier Flat, 2cps to 100ke 
Horisonial Amplifier Fiat cycle vo ke 


‘Sweep Circuit 3 cycle to $0 ke 





Line Rarinc 115-230 volts, 40-60 eps 
Тиз. Сомтамант 


ыз Oy 1 Cathode Follower 
S (Wa) Vertical i 

Ss Cathode Follower Driver 

AG? (V4, V8) Vera Fui Оо Аа 
SCPL (V6 1 

850707 (үл, ув) 

6SNZGT (V9, V10) 

shart 

SENET (12, 


EE (V19 v19) 
OSLIGT (V15, V16} 


0 ль улу 
6SN7GT (V19, V20) 


6SN7GT (V2, V23) 


6SLIGT (V24, V25) 
RE UV 


улау уа 
Mur S uw 
USE ova 
2X2 (V34, V38) 
TRIS) 
eT (V39, V40) 
анаа а disini cl Moll SER dumm NU. 








= 
When switching from recurrent to single sweep, the volt 

«ыхы огыр 
ss: EU ШЕ 
TRE dtm iy tein er sigan dem OA 
m E SE 


and the operation of the beam-control circuit are entirely 
independent. 


Gas Triode (1980) Operation 
In the operation of this beam-control circuit, the gas triode 
1717 is so biased that a higher plate potential is required to cause 
Sere gama tanh ue daring arem operat 
Ta mopped fram екбек м Мун каи 
the electronic control action of diode 1/9. The bias on this 
diode determines the actual potential on the 6Q5G plate. 

The action of the. triode is such that if its grid is driven. 
by a positive pulse the bias on it is reduced and the tube be- 
comes conductive. For pulses of shorter time duration than the 
tive allowed for sweep the tube returna to it former condi 
tion and is prepared for the succeeding cycle of its operation. 

Current flows tht the control diode V19, determined by 
egi so curent ow tough бийде he period the 

ao carre ows : 
{6036 ‘gas triode ie conducting and during the time the sweep 
capacitor is charging up to the diode conducting potential. Con- 
sequently, a current flows through the resistance in series with 
the diode sma which is ee constant. iw rt 
ven control seing, excep Sweep eyele, At that 
Ше де сым эй ы и ы ыы potential” The Аиа 
pulse controls the potential of the cathode-ray-tube cathode, 
and therefore, the cathode-ray-tube bias and intensity of the 
electronic light beam. ы 

By varying, the diode circuit resistance in proportion as the 
6QSG plate circuit resistance changes, the voltage across the 
fintar in the diode electronic contol circuit fe made aubs 
stantially constant and is independent of the actual current flow. 


The tube 6SL7GT (V72¢ and V25) is used as a differential 
amplifier to amplify only the differences across the 
Жок load resistor, (RIS and 52) e that th sting cle 
i itage (single sweep adjustment) 

‘affect the d-c operating levels of the following stages. 
‘output of the differential amplifier, amplified and re- 
in phase from the input, is attenuated to zero level with 
10, and fed direc to the grid ofthe following. 

one ‘of type 6SN7G lse level at 
int is sufficient to operat the grid of 720 between zero. 
зо that the plate ‘of V20 varies between. 
from approximately 50 to 400 volt, A wide 
voltage variation is required for V20, since the signal m 
Attenuated up to the high negative potential at which the cath- 
‘de of the cathode-ray tube operates, while still permitting the 
tube to swing from zero bias to cutoff. 
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PARTS LIST FOR DU MONT MODEL 247 


у. Ез гапро, зву. wK KW, вв юк w. 
Sov. Fs Simpie 290V. Rigo a5 K pot 
жоу. Rigo 22K КА 

Y. Ridt aK pot 

Rua soo K pot. 

Rig ok ту, 
Rigs 270K iW 
Rias 19K IW. 
Rig 370K AW. 
E 470K KW. 
R148 I meg. 5 
ao aes XN. 
Ris ake SW. 
AREE IW 
Rigs See 
Rrsg 10 K, 
Rist too 
Rise tee 
жй imer. 
yim 

di 
Rp tok 
Ride ok 
Rist fee. 
Ria too 
Ribs ot K 
Rı64 SK 
Rig Ea 
1 do 
Aug Sk 
RIG 47 ohm 
Rıég 1oK 
Rive 1 meg. 
Rizr ok 
Riza 3oK 
киз юк 
Riza 0K 
Ri75 1 meg. 
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Fig 22-12—Schematic of Du Mont Model 247. 
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DU MONT MODELS 280, 250.A, 250-AM, 250.8 
‘SruciricaTions sos Monza 250-A. 


Farguency Resroxse 
‘Vertical Amplifier (a.c.) 5 cps to 200 ke, within 10% 


Vertical Amplifier (4.c-) 0 cps to 200 ke, within 10% 

Horizontal Amplifier Identical to above - 
SwmrCucur — Moons250 ‘Moons 250-A, 
AXD28-H AND250-AH 


Recurrent 1 to 150.000 cpe (I sec- 5 seconda to 10 micro- 
ond io aT aire: p 
eisai!" Canons Deleon басан Made 

‘seconds ‘seconds, 
Darucrion Factoas 

Vertical Amplifier (a.c.) 15 rms 

Vertical Amplifer with prote 150 mu miles inch 


'ertical Amplifier (d-.) 0.9 d-c millivolts inch 
Horizontal Amplifier (a.c.) 04 rms millivolts/inch 
Horizontal Plates Direct 23 rms millivolts ach 
Horizontal Amplifier (d.c.) 1.1 d-e millivolts /inch 
Lane Rarina 115-230 volts, 50-60 cps 
Това Сомтлмант rox Moves 250-A, 250-AH 





Type Function 
aimn, yaang 
zae 
Py rol Vertical. 
Wish Vera Ange, 
tie, ino 
ш 
6AU6 S} ifier 
MESE) Se ie 
MOS) Selene Tabe p, 
Du Xina gerou, 
12AU7 (V113) Flip-Flop Oscillator 
6AG7 (V114) Horizontal Deflection 
A 
RV a Repas 
= 
ОАО (уп) Ушак 
шше» коршш, 
ОА2 (У121 ITE. 
RENE Уры 
saves) Gere vate, 
SCP-A 5 -Ray Tube 
6AU6 (V126) Voltage Regulator 
‘on Models 250-A and 250-AH. 
applies to early Models 250 and 250-H, f. The 
Carlier models have a slightly diferent tube an 
electrically similar to the latter, with tbe. the modi- 
ied sweep in A sche- 
matic circuit diagram for Model 250-A, which with 


minor modifications to all four models, is shown in Fig. 22-13. 
The Model 250-AH (250-H) is identical tothe Model 290-4 


250) in oatmard pearance, However, atthe tack of the 
EE. p 
With «simple erage Duis de Modi 


АН (250-Н) фе intensifier of the type SRP-A cathode- 
Tay tube may be connected from an internal high-voltage sup- 


REET 
eee Tet ight output from. 


‘The 250-AH (250-H) uses a SRP-A cathode-ray 


AC Amplifier (Maximum Quin) 07 cme reli /ineh 
D-C Amplifier (Maximum Gain) 2. 
Direct to Deflection Plates 48 rms A 


Drives (ingle) Sweeps 
When the Xcocecor switch S107 ia, in th drivenawocp 
фе рин Шә кимы и юйню e 
Зза пака the sweep oi tive, The 
received by “inverter 7 106A 10 that withthe 
ayec ampile control RISS. elibat the naue St и суром 
polarity of the triggering voltage can be selected for triggering 


triggering voltage of relati 
ed Uy ерме агаи, РТУ и шы o Ed 
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DU MONT MODEL 1356D 


Farguexcy Resronse 
Vertical Amplifier Down 3 db at 8 Me 


Tras 
A sweeps: 1,000, 100, 25, 10, 4 microseconds ; in addition, a 
AE me a meet etn 
мс с? 
Lee ete wrt te 
PX ЫЛ 
EET EE 
4-to-100-microsecond or 5-to-1,000-microsecond regions. 


Daruecrion Factors 
Vertical Amplifier 0.25 rms volts/inch 
Vertical-Defection Plates 79 d-e volts inch 


Linz Ratine 115 volts, 60 eps, +109 
‘The schematic circuit diagram and tube complement of Model 
D is shown in Fig. 22-144. A block diagram is shown in 
22-14B. This instrument, a relatively specialized appara- 
tus, is a revised form of the 236-B А/К range scupe. The time 
scale of the instrument has been changed from yards to micro- 
seconds, 


ager Create 

‘Triggering may be obtained either from an internal trigger 
senerator ol аламе rate or from an external signal of posi- 
tive or negative polarity. Timing markers are avaliable for use 
only when the internal trigger generator is used. At this time, 
the markers appearing on the sweep are also available at the 
ZINSMARKER OUT terminal 


Sweep Delay Circuit. Pick li Diode and Delay Ampliier: 
Circuit consists essentially of a compensated 
cult which is connected to a pich-of diode. 
The voltage at which this diode conducts is controlled through. 
3 bleeder network by a ten-turn, helically wound potentiom- 
ster. A dial attached to this potentiometer permits reading of 
the. delay directly. The ‘of the pick-off is 
Amplified by tubes 1/1054 and V 1050 and serves as the delayed 
eror heres ofthe irc. 























R cte ond Sweep Generators 

The circuit for the R-gate generator consists of a special 
blocking oscillator which à positive signal for inten- 
sifying the cathode-ray tube during the R sweeps, a negative 
ignal to act as the movable marker, and a negative gate for 
initiating the R sweeps. 


PESE ate s mira cr ae 
E comet trae 
Se mers Wear aes rit 
E 

wiegen erem m rsen eie ct 
sri кынып арры МЫ га 
oscillator. The SO-usec marker generator is triggered by the 
Vier Rr ems Fei 
E EA DEEP Ed 
MU renee ae 
Emu de aaa 
Por umm E 
Etras pe ied 
[o EE 
irem ET E TAE 


Trigger Circuit 
The trigger divider gate penerator V 1I0B is à blocking os- 
cillator triggered in the cathode circuit from the +S0-4sec 
markers. This blocking oscillator divides the repetition rate 
and generates a 16-asec gate, The output of the oscillator is a 
gate which is fed to the trier yenerator. 
One triode of 17111 is used as coincidence circuit for the 
fate and a 10-ysee marker, When a marker is 
the gate, the trigger generator is fired. Another 
triode, the trigger generator is a conventional blocking oscil- 


























lator, but it is biased off to prevent free running. A negative 
trigger is used to feed the 4 pate, and a positive trigger is used 
to feed the trigger cathode-follower output. trigger 








‘output is a conventional phase splitter and is used to f 
either a positive or negative trigger for external use. The. 
tive trigger is also used to trigger the R gate and hence the R 
‘sweeps when an undelayed sweep is desired. 








Fig. 22-14B.— Block diagram of Du Mont Model 256-D. 


Conrtery Du Mont Labi. 


ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


874 














à Ps 














Courtery Du Mont Labs 


Fig. 22-14A.— Schernatic of Du Mont Model 256-D. 
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DU MONT MODEL 275.4 
Fanguency Resraxst 2 cps to 30,000 cps 
‘Circular Sweep Voltages are 
‘two-phase generator provided 
Circle Diameter. Adjustable from 0 to 414 inches. 
Deruecrion Factor Less than 04 volt rms produces deflection 
to center of circle 


Line Rarinc 115-230 volts, 50-60 eps 





Type Function 
GSLI-GT.(V1) Vertical Input and Phase Inverter 
65J7 (V2) Vertical Output 
7 (УЗ) Vertical Output 
GSLZ-GT (V4) Horizontal Input and Phase Inverter 
6847 (V5) Horizontal Output 
65]7 (уб) Horizontal Output 
6SN7-GT (V7) Radial Amplifier 
6SN7-GT (VB) Каба! Amplifier and Cathode 
Follower 
SCPI (V9) 
2X2-A (УЮ! 
2X2-A (VIL 
ЗҮЗОТ (у12 
6X5-GT (VII, 
OCS (V14) 
OC (VI) 





The schematic circuit 
Fig. 22-17. This instrument is of special design and construct 

‘designed primarily for the study oí the various characteristics 
of rotating machinery, The time base in this instrument is cir 
‘cular and is produced in synchronism with the rotation of the 
machine being studied. The characteristic of the machine to be 
‘examined may be transformed into an electrical signal by means 
‘of a suitable device, and be applied to the input terminals. Its 
salient features will be plotted on the screen, and the relative 
position in the rotary cycle may be determined from the pattern. 


X. and Y-Axta Amplitere 

The X and Y amplifiers are identical. Their is to 
amplify the two 90° out-of-phase voltages furnished by the єх. 
ternal two 


“The generator vol 
ORE C2, and R22, C, 
‘of the X- and Y-amplier tubes. 





mu ED meneame ee 
mae nara dere fan een es 
edi alors en ence 
Frari V step mas nee 1 mei 

кий ea vites ples is sne freama 
voltages and amplifier input voltages. 


Asia Circula 


Modulating or timing si be connected to the 
of be cato riy tet dog capaces CT. The high pet 
Ыкы. он by Ri renda i Tete adio spon he 
Signal souge. A peak-to-peak signal o! 

Sero bias, so that satisfactory beam. banking cam be expected 
From signals having considerably small amplitude 

Rodial Delecton Cic 

Radial defection of the fluorescent spot on the screen is pro- 
era 72,13 end V Vd. Tis ut to de rada umpliler tuy 
ers, V2, 

De miade at terminais /7 and Jê, or connector J10 t0 a cathode- 
follower stage (V7, et section). The ‘the cathode 
Flower ипне Бу DF (2nd nece) and fed to bot grida 
of uml triode V8. from the 

to the screen grids of 





DU MONT MODEL 278 

Fazguexcy Resroxst 
Vertical Amplifier 10 cps to 100,000 cps, within 1 db 
Horizontal Amplifier 10 eps to $0,000 eps, within 1 db 
Sweep Circuit 2 to 30,000 eps 

Lime Rarixc 115-230 volts, 50-60 cps 





том Сомплминт 
тум Fonction 

ее (ур Voltage Calibrator 

$5 (V2) Vertical Input Cathode Follower 

SAG (V3. V4) Vertical- Deflection Output 

65N7 (V5) Single Sweep Diode, Phase Spliter 

6050 (V6) Gaseous Sweep Oscillator 

6SL7 (V7) < Sweep Output Cathode Follower 

S82 (V) Flip-Flop Channel 

615 (V9) Cathode Follower X 4 

6AG7 (V10, VII) Vertical Output X4 

615 (V2) Cathode Follower $ 

6AG7 (V13,V14) — Horizontal Output Xy 

SSN? (VIS) Syne Input and Single Sweep Bias 

8050 (16) Gaseous Sweep Oscillator 

6SL7 (V17) Sweep Cathode Follower 

SSN? (V18) Flip-Flop Channel B 

6)5 (Vi9) Cathode Follower ¥, 

GAG7 (V20,V21) Vertical Output Ya 

SSP-A (V22) Cathode-Ray Tube 

SU4G (V2) — Low-Voltage Rectifer 

SB4G (V2) Voltage Regulator 

6517 (V25) Voltage Control Tube 

ODs (V25, V27) 

6XSGT (V28) 

3824 (V2) 

2Х2А (УЗ) 





‘The schematic circuit diagram of Model 279 is shown in Fig. 
20-18, This instrument is a specialized type intended for labora 
tory o scientific work. It i a dual ‘instrument, con- 
sisting essentially of two oscilloscopes in one, thus permitting 
‘Comparison of two waveforms on the same or independent time 
scales, The instrument utilizes the type SSP dual beam cathode- 
ray tube, 
Create 

The two guns and their associated signal deflection circuits 
are referred to in Fig. 22-18 as Channel A and Channel B, re- 
spectively. The X channel handles the A beam horizontal 
deflection and the 'Y , the vertical deflection for the A beam. 
Similarly, the B beam horizontal and vertical deflection are 
handled by the corresponding X p and Y channels. 

The sync input goes to VSA which is a phase splitter, Vó is 
* 60У gaseous. trode sweep oscillator. V58 fo used ay 


1 diode, The output of the sweep tube ie fed 
Oe oiler conning A ola CSL DE MR 








ae a ee: "VSZ PPOR woye nq jo »nmuxps — 1-22 34. 
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Fig 22-19. Schematic of Du Mont Model 281-A.. 
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Fig. 22-20.—Schematic of Du Mont Model 292. 








886 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


DU MONT MODEL 281.4 
Dertiction Factors 
Vertical- Deflection Plates 85 volts/inch 
* Horizontal-Deflection Plates 90 d-c volts/inch 
Line Ratin 115-230 volts, 0-60 cps 


Ток Сомилмент 


Type Function 
ZX2À (V1) Positioning Rectier 
OAZ (V2-V7) Positioning Voltage Regulators 
ONO. VED Time Delay Relay 
TRSGT/8016 (V9) Negative Half Wave Rectifer 
ЗЛА (V10) Series Regulator 
TBJGT/NDG (VII) Positive Half- Wave High-Voltage 
Recifer 
SAOD, M Tube 
Mor 
SRP Wie) О Сост 


Я 
75 ns 
DATED id 
тый. Тю еей зата: еоди potentials 
including provi for connection of an external high-voltage 
gor hee tro pater itin or certi and 

Jen М уйке | аен к бра 
‘of short duration. Voltage-regulator tubes are also used to 
[s the positioning potentials for the deflection plate 


— 

‘There are no amplifiers in cither circuit to provide defection 
voltages forthe eathode-ray tube, Provision ie made for capaci- 
tive coupling from, front panel ieminala to deflection plates 
through capacitors C7, C8, C9 and CIO, or direct coupling from 
Fear of instrument to all deflection plates from terminals DI, 
D2, D3, and D4. 
24s Coral 

Modulating signals may be fed to the grid and cathode, re- 
wv. ‘of the cathode-ray tube through capacitors ÇIL or 
Hz, Signals which are not of proper polarity for application 
tothe arid may be applied to the cathode However, tpe put 
impedance to the cathode circlut is much lower than to the grid, 
and may not be satisfactory for use with some high -impedance 
Sigra sources. D-c voltages for the grid and cathode are ob- 

M from the negative аА онад power supply 


DU MONT MODEL 292 
Faxguency Resroxse 
































ertcal Amplifier 5 cp to 100 ke 
Hernia Amplifier Seto 100 ke 
Sweep Circuit cps to 30 ke 
Danger Facto о, hy 
Vertu Delecton Pare 2 rt voti inch 
Horisonal Amplifier 0.56 cms voe/nch. 
Horizontal: Deflection Plates 3l m volta inch 
Luxs Rarixe 115-230 volt, $0.40 cp 
тим Сомпамамт 
Type Fonction 
BART (VI) Venica Amps 
12AR7 (V23 Horizontal Ampliñer 
E 
$ VS Low-Voltage Recher 


‘The schematic circuit diagram of Model 292 is shown in Fig. 
72:20. This basic oscilloscope unit i conventional, except that 
tained бр "ean of capacitive ойле (бу ала CP) between 
plate and grid circuits of the deflection amplifiers. 

DU MONT MODELS 304 AND 904. 


cv Resrowss. 
'ertical A-C and D-C Amplifer to 100 ke, within 10% 
Horizontal Amplifier A-C and D-C Amplifier to 100 ke, 


within 10% 
‘Sweep Circuit 2 eps to 30 ke 


Fs 


‘The sweep is expandable to six times the full-screen diam- 
eter ol the cathode-ray tubes. 












Darcecnon Facrore 

‘Vertical Amplifier 0.01 rms vlts/inch 
Morisonal Amplifer 005 гасанна 

oris rms volt, 
Mocicomak Delect Fiate 1T em vet inch 

Lame Ravine 115 volts, 50-60 cps 
тоз Cour 
Type Function 

12AU7 (VD. Vertical-Amplif Input 
12AU7 (V2 V3, V4) Vertical Amplifiers 
SADS (VEVE) Verte Amplifer Output 
ТАА (V7) Syne Selector 

SG (V8) Tming-Axis Oscillator 
12AU7 (V9) Sweep- Cathode Follower 

Blanking Amplifier 

12AU7 (V10) i ier 
12aU7 (УП) lider Input 
ê Horizontal Amplifier 
9s (vi Horizontal Amplifer Output. 

B2 (V14) Voltage Regulator, 
SYS (VIS) Low-Voltage Rectifier 
2X2 (V16) High-Voltage Negative Rectifier 
2X2 (V17) Reger Amar mifer 
SCP-A (V18) Cathode- Ray Tube 


The schematic circuit diagram of Models 304 and 304-H 
shown in Fig. 2-21. This is a general-purpose instrument 
‘corporating highly sensitive d-e amplifiers to permit observa- 
tion of ‘over an extended frequency range. The 
following description covers both types 304 and 306-H, which 
are identical, xcept that Model SAH has a supplementa 
high-voltage rectider circuit to provide an additional 41,200 
yolis to the intensifier electrode of the SCP-A cathode-ray 
tube. 

The positioning circuits of these units are broad to 
permit examination of any portion of the sweep on the 
Tay-tube screen without distortion. The d-e positioning system 
permits the equivalent of four times full-scale expansion of the 
signal for the Y-axis, For the X-axis deflection, the d-c posi- 
tioning. system permits the equivalent of six times full-scale 
‘expansion of the signal, The expanded sweep is capable of 
Sweep writing rate of one inch per mic or faster, 


Y.Aala Dellection 
‘The signal may be applied to the vertical-delection plates 
either directly or th gain amplifier. For low-level 
Seals, tie Sith 'a stable, high-gain d-e 
amplifier. The pet system to the ‘amplifier айн ал 
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ELECTRONIC INSTRUMENT CO, GEICO) MODEL 400 Тозе Сомтлмамт 
Type Function 
Yertical-Amplifier Input 

Time. Base Generator 

Horizontal-Amplifier Input 

Low-Voltage Rectifier 

High-Voltage Rectifier 

Cathode-Ray Tube 

Detection Factors Vertical-Deflection Amplifier 
Vertical Amplifier 0.38 rms volts/ineh Horizontal-Deflection Amplifier 
Horizontal Amplifier 0.35 rms volts inch Tix schematic circuit diagram of Model 400 is shown in Fig. 

Lane Ravina 115 volts, 60 cps ni 


FusQuexcv Rrstoxse 
Vertical Amplifier 30 cps to $0 ke 
Horizontal Amplifier 30 cps to 50 ke 
Sweep Circuit 30 eps to 30 ke 





т 


= power 
TRANSFORMER 
Resistance VALUES 
IN OHMS 6 
CAPACITANCE VALUES. 
UN MED. 
UNLESS OTHERWISE 
SPECIFIED 





Fig. 22-22—Schematic of Bico 400, — Courtery Electronic Int. Cor. 
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ELICTRONIC INSTRUMENT CO. (ECO) MODEL 42 том. Сомтамант 
туе Function 
Fazguencv Resronse 
ie ” 6Ј5 (У) Nertical-Amplifier Ir 
E Sx Way Vertical- Deflection Amplifier 
en Getae Hte mon Hir Voltage Rectifer 
6SN7 (VS) Horizontal-Deflection Amplifier. 
Deriection Factors 6J5 (V6) Horizontal-Amplifier Input 
Vertical Amplifier 0.05 rms volts/inch 6SN? (V7) Time-Base Generator 
Horizontal Amplifier 0.05 rms volts/inch SBP! (V8) Cathode-Ray Tube. 
B The schematic circuit diagram of Model 425 is 
Lume Rati 100-130 volts, 50-60 cps Fig. 22-23, 


fa 






8 





Ly very 


CAPACITANCE VALUES. 
н мо, 


ГЕ 
lame SPEED 


ET 


Fig. 22-23 Schematic of Eico 425. Copriees Büócironi Tue. Cory. 
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ELECTRONIC TUBE CORP. MODEL M11 
Farguexcy Resroxs 
‘Vertical and Horizontal Amplifiers 
‘Capacitive Input 10 cps to 100 ke, 1 db 
Conductive Input dc. to 100 ke, Î db down 
‘Sweep Circuit 2 cps to $0 ke 
Triggered Sweep ¥ second to 20 microseconds 
Оъллспом Растовз 
Horizontal Amplifiers 075 ds ols /inch 
Direct to Horizontal Plates 69 d-c volts/inch 
Vertical Amplifiers 0.1 d-c volts/inch 
Direct to Vertical Plates 80 d-c volts/inch 
Liwe Ratin 115 volts, 50-60 cps 
The schematic circuit diagram of Model H-21 is shown in 
Fig, 2-24, The instrument 








[p ao кй сө 
ied othe tw tame Each ampie i Independent, 
Separate gain adjustments, Either capacitive or co 
ductive input coupling may be used with any of the ampli 
б; бшш Рун ал als be aed with ha ¥ ameter. 
"The intensity of ether or both cathodz- ray tube 
be modulated by tme marker pulses if бегей А Banking 
jor suppressing the retrace of the eathode-ray beam it 
provided те Vircuit employed in the HAZI are of 


ren MODEL THA 
Fazguexcy Resronse 
Vertical Amplifer 20 c z to 100 ke, 20% 
Койго Ample oe to 100k, = 2% 
Sweep Circuit 10 eps t0 38 ke 
Deruscrion Facrors 
Vertical Amplifer 0 rms volts/inch 
Vern Delecios Pare re vltyinc, 20% 
Horisonal Amplifier 0 ms voto/ 
HorisontalDelction Plates 18 rme vols/inch, + 20% 
Line Rattno 105-125 volts, 50-60 epe 
aft Feler TS-7A epi comin sa ei ig 
malAracing probe and a st loscope. The cicuta are 
ventional and are Sionyn in, the schematic 











22.25, The probe us 
tet odie on te ireuit under test due to the use of 
a very small coupling capacitance in the probe tip circuit. 
‘Vertical Amplifier 20 cps to 100 kc, +1 
Жен Ай кс, ж10® 


iter 2 pa t0 100c, £10% 


ا 
Vertical rin Agite 0.3 rms yolts/inch‏ 


Plates 22 d-c volts/inch 
Horisont 0.3 rms volts/inch 
Horizontal- Plates 20 d-c volts/inch. 


Тама Ваттмо 105-125 volts, 50-60 cps 
Tus Сомтлмант 


Type Function 
БАС Cathode Ray Tube 
Ба Lom Voer Reener 
SAC? (V4 Vertical Ampli 
He Horizontal 

884 (V6) Sweep Oscillator 


The schematic circuit diagram of Model CRO-3A is shown. 
in Fig. 22-26. This is a portable, general-purpose oscilloscope. 
GENERAL ELECTRIC MODEL CROIA 

FREQUENCY RESPONSE 
Изат ы 
‘Sweep Circuit  cpeto20 ke 


Denactiox, Facrons _ 


Vertical Amplifier 0.02 rms volts/inch 
Plates 33 d-c volts/inch 
ima VOTER A 


Plates 31 d-c volts/inch. 

Lime Ratin 108425 vl, ees 

"The schematic circuit diagram of Model CRO- oe 
test Sed-devcopeant works The уела ок tage 
кы, реки Ур, Те тепе. тт 
thede follower which functions ay an tp sa vi 
and cuts down the input-capacitive reactance, V2, V3 and V4 
use adjustable plate-load inductances for high-f frequency com- 
postin Ты er cela alt f DE E aha 








unusual, A portion of the si at V3 is 
of through RIS, R16, and C12, and to the 
tely at 180° out of i dej 


Sila doc tothe Phase itin P Tubes P3 therefore, 
фа а push-pull output tubes, X din cesi i aed Ia 
horizontal amplifier. 


GENERAL ELECTRIC MODEL ST.2A 
Faxguancy Resronse 
Vertical Amplifier (A.C.) (with probe) 20 cps to $00 ke 


—20% 
Vertical Amolifer (D C.) 0 cpa to S00 ke, 209% 
Horizontal Amplifier (D.C.) 0 eps to 100 ke, —20% 
Sweep Circuit 10 cps to 100 kc 
респон Facrons 
ertical Amie 0035 eme volt inch 
045 rms volts/inch 
Morisonal Amplifier 25 sihe volta inch 
Rarinc 108 125 vot, 50-60 T 
schematic circuit diagram for Model ST-2A is shown 
intended for general-purpose use 
lorie, but in addition has several features which 
‘make it applicable particularly to fem and television servicing, 


тшше 
CA дотны 30 ke, within + 0% —159% 
à ё 
eee 
Dersen Facto 
Vertical Amplifier 0.18 rms volts/inch, max 
Horizontal Amplifier 0.212 rms volta/inch, max 
uua Ratine 105-125 volts, 50-60 
garnet eee pic Duk ides 
pecally for service applications on industrial electronic 
equipment such as welding controls, motor control circuits, 
Speen ah Mi m meer 














The deflection stages are somewhat unusual. V is the ver- 
фей -манбы mon bn wich, wih V2, атт de d 
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Fig. 227. Schematic of GE. Model CRO-SA. 
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сток мор. воз 
оо аам) 10 epe ta 25 ke 
н to 
PEN Sweep Width 10-30 kes and 106-300 ke 





Vertical Amplit 
Horizontal Amplifier 0.3 rms volts/inch 
Horizontal- Deflection Plates 434 volts/inch 
Vertical Plates 56.4 volts/inch 
Laxe Ratio 105-130 volts, 50-60 cps 
The schematic гсш датат for Model RFO-S, including 
tube complement and tube functions, is shown in Fig. 22-31, 
This instrument is a combined oscilloscope and sweep gen- 


erator. 
The vertical-input systern ip quite interesting. The eacia- 
tion for he 6)7 (17103) grid is obtained through $102, RII, 
and C109 from 22202. Rife is the vertical gain control. The 
Tertca input terminal circuit 1102 may also be канй rom. 
the 103 sage tothe 10 video uml Demodulator 
Dios а switched into the circuit automatically and consists 
of a ample diode rectber, With the switch 9102 set to video. 
the horizontal plates of the catbode-ay tube are fed signal 
voltage through C108 trom 106. The arm of RII then con- 
Recto RII and the VIO grid circuit 

А pathes mansal and povel feature is the incorporation ot 
1 jack, J701, for signal tracing aiio ampli 
input, or a signal fe a ie age T тетра 
Bon vet is н, Бе preferably a High 

pe as should any device connected into the UDI cleat. 











Fig. 22-51 —Schematic of Hickok Model RFO-S. Сенту Новай Ше Ins. Co. 
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NICKOK MODEL 195 
Furguency Resroxse 
Vertical Amplifier 10 eps to 50 ke 
Horizontal Amplifier 10 cps to 50 ke 
Daruection Factors 
Vertical-Deftection Plates 0.05 rms volts finch 
Vertical Amplifier 15 rms volts/ioeh 
Horizontal Amplifier 0.3 ms voice 
Horizontal-Deflection Plates 30 rms volts/inch 
‘Lanz Ratinc 105-125 volts, 50-70 cps 








Type 

SA 

боо, ы 
E RU Kew eee Retr 
SYGT (Vs) Hi i 
SUPI Gat 


The schematic circuit diagram of Model 195 is shown in Fig. 
Э ор та ing ctrl, Kio apply a voltage derived 
e use ofa. |, R3, to apply a i 
from the V4 plate reat to'C8 through the ST borizomal 

selector switch. C11, C9, R&, Ré, Có, and 

basing network. There is a. salage di 
volt, 
ars Gi 


affects the 






Furporwcy Rrsroxst. 
Vertical Amplifier 30 eps to 1,000 ke 
Horizontal Amplifier 10 cps to $0 ke 
Sweep Circuit 10 eps to 25 ke 


Danicriow Facroas 


‘Vertical Amplifier 0.03 rm volts /inch 
Vertial-Defection Plates 18 rms vlts/inch 
Horizontal Amplifier .3 rms volts/inch 
Horizontal-Defecton Plates 30 rms volis/inch 


Liwe Ramine 105-125 volts, 50-70 cps 


oa ER ONU 
zm pd 
ЫР Moia Angier y 
BAA, Yew Artin 
MU. 8 ا‎ 


Line Ravine 115 volts, 60 cps 
The tube complement and tube functions of Model 305 are 
given in the schematic Fig, 22-34. This oscilloscope 
similar to Hickok Model RFO-S. It should be noted, how- 
ever, that Model RFO-S uses 1,000 kc and 23 Mc for the r-{ 
oscillator, while Model 305 uses 1,000 kc and 50 Mc. The use 
of the 76 cathode-follower also permits the em t of 
a low-impedance vertical gain control R$0 of 10,000 ohms in 
lace of the high-impedance control R1i¢ in Model RFO-5. 
low-impedance control has less f discrimination 
and is, therefore, an improvement. The sig j 
is in the low-impedance cathode circuit of V: 
in the high Z-plate circuit of 103 in the RFO-5. A connec- 
tion to it, therefore, is a less critical matter. High-frequency 
compensation in the form of L2 and L-3 i used to give a wide- 
‘characteristic in the vertical-amplifier stage. 


HICKOK MODEL 505A 
Fraguaxcy Rrsrowse 
Vertical Amplifier 30 cps to 1 Me 
Horizontal Amplifer 10 ps to 50 ke 
Sweep Circuit 10 eps to 28 ke 
Derucuiox Factors 
Vertical Amplifier 008 rms volts/inch 
Vertical-Deflection Plates 15 rms volts/inch 
Horizontal Amplifier 0.13 rms volts/inch 
Horizontal-Deflection Plates 30 rms volts 
Line Ratin 105-125 volts, $0-70 eps 
‘The tube complement and its functions for Model SOSA are 
shown in the schematic circuit diagram, Fig, 22-35, Model 
SOSA is very similar to the 305 electrically 
JACKSON MODEL CRO.1 
Ferguency Restoxst, 
Vera! Amplfer—Wideimed 29s 1 МС 
fertical Amplifer—High Sensitivity 20 eps to 100 ke 
Worm Ampli Beto 1n 
Sweep Circuit 20 cps to SO ke 
Derurcriow Factons 
Vertical Amplifier—Wideband 0.25 rms volts inch 
Vertical Amplifier—High Sensitivity 0.018 rms volts/inch 
































Vertical- ion Plates 12 rms volts inch 
Horizontal A 055 rms volts/inch. 
Horizontal-De Plates 15 rms volts/inch 


Lint Ratin 100-125 volts, 50-60 cps 


Тиз: Соммлмкнт. 
т, Function 


eaves Mende. 
PAM Sweep Oscillator 
C4 (V7, V8) Cathode Followers 
SUPI (V9) 























Hicho lec. Int. Co, 


Fig. 22-34. Schematic of Hickok Model 305. 














Fig. 22-36.—Schematic of Jackson Model CRO-1 
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MILLEN MODELS P4 AND P43 
Brachroscope 


Lixx Rarmxc 117 volts, 60 cps 
Том. Сомнамит 


Type Function 
SSN7 (VI) Sweep Generator 

SSN? (V2 ys) Ammer and Eiectronie Swiiĉh 
SN VV 

М (МО и and Trigger Control 
SEN (V7) ternal Free- Running Stulvibrator 
ERU Vera cia 

7V7 (V9) Item 

GSN? (Vio) E Fase Spite and Trigger Input 
э (упт pict lines Ha Half-Wave Rectifiers 
523 Wis} Low-Voltage Rectifier 

ЗЕР (УМ) Cathode-Ray Tube 


‘The schematic circuit diagram for Models P4 and P4-2 are. 
shown in Fig. 22-37. The synchroscope. 
circuit which may be synchronized to an external positive or 


tive triggering 
m nals 2 and 3 of V2 can be visualized as the 
cathode terminals ofa diode electronic switch. Such 
Бш сои а ситен оңу vies tie cade leone 
ith respec he pate. In Cec, generate i s 
negative terminal connected to pin terminal 3 and positive. 
EYE EO УУЗ ш Др 
in 


ЖИ become negative daring one talt of the cycle of volte 
cron the secondary of 72, 
As a rent of the passage of an electron current 

Ды чий rei Siren t he ау эое с 

и, ‘pin 1, becomes negative with respect 
to ground and its cathode. The resulting bas potential on the 
T Rr nae of eng of е Г рше ситен аш] 
triggering the simal or 

ring the next hall. cycle of voltage across the secondary 
of 72, when the cathode of V2 is positive. with respect (o 
round and it plate, 2 does not conduct and there 1s o bias 


PIT 























Fig. 22-37.— Schematic of Millen Models P4 and P4-2. 


Iu 


ml elo ge ot P tnim e 
о Ун periere an 
Hales poms my ncn 
: 3 
Ermer den i 
During the time that the cathode of V2, pio $1 Te itive 
RE E BS 
Et cn eA c En 
[E pr For the case ana- 
m pa A a A le, 
double-throw switch and may be thrown to the down position 
Pt E eie rm 
V5 works into V6 which is a cathode-follower output circuit 
VUE E M E салаты 
CE Us erat. EE 
effect. sio tte lé prerioniy Mad been cut ot iy a. 
immi vu ia am id C varied iod 
isp oe eo C vu 
Vino sorted v C36 through PA to тееп the Chae 
Ise signal is communicated to the vertical plate 
zx of the обн tube through C52 which couples 
ie a 
On the negative. neds of input volt to the grid of 
V6, the tube is cut off and C26 discharges V8. Nor- 
Lo le oa Cl dae rach PE Nor 
voltage but because of the high value of plate resistance in 
Tm es oe re eran 
E ae te of юасы ты 
‘ing action, the plate resistance effectively remains constant, 
mtu pid rule 
Iri ui ioa erem cca e miei 
for the most part by R56. 





the grid ol the cathode ay tube through CAL The 
eo east by sich Sab S2 a switch which varia the 
Bia 4'9 throsg selection of various vals of pat 
foes Ws a RS. wo ampere 
i avaliable for ‘one with the synchroscope and has à top fre 
quency lit of about 5 Mc. 











Courtery Miten Mtg. Co. 
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MILLEN MODEL 90902 The schematic circuit diagram of this basic oscilloscope unit, 

Deriecrion Factors, Model 90902, is shown in Fig 22-38, The unit does not include 
Vertical-Deflection Plates D.c., 100 volts/inch the usual sweep oscillator, vertical and horizontal amplifiers, 
Horizontal- Deflection Plates D'e., 120 volts/inch and must be used in conjunction with a separate sweep oscil- 


lator and deflection amplifier system. 


Luwe Ratne 105-125 volts, 60 cps 














ALL (EJ VALUES ıı MMFO 
UNLESS OTHERWISE SPECIFIED. 
Courtesy Millen Mf, Ce: 





Fig. 22-38.— Schematic of Millen Model 90902. 








MILLEN MODEL $090 Lux Rarıxe 105-125 volts, 60 eps 

The schematic circuit diagram of Model 90903 as shown in. 

Durtiction Factors Fig. 22-39. This instrument is very similar to Model 90902, the 

Vertical-Deftection Plates D.e.. 10 volts inch main difference being that a 3-inch rather than a 2-inch tube is 
Horizontal- Deflection Plates D.c., 120 volts/inch used. 





Vi CENTERING н, CENTERING 























(AL C VALUES N MFO) 
USE THIS SCHEMATIC ON SERIAL NUMBERS ABOVE 132 
Fig. 22-39.— Schematic of Millen Model 90903. Courtesy Milen Mfg. Co- 
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‘MILLEN MODEL 90905 
Dertzctios Factors 
Vertical-Deftection Plates 16 rms volts/inch 
Horizontal-Deflection Plates 19 rms volts/inch 





Frequency Ri 
ertical A t0125 ke, 2db 
опон! Апае Роке 
weep Circuit 15 eps to 40,000 eps 
Lave Ratioe 108-128 volts, 60 eps 
Том Сомтмлмкит 
Type Function 
es? vn) Vertical-Voltage Amplifier 








Lixz Rarinc 105-125 volts, 60 cps 
This schematic circuit diagram is shown in Fig. 22-40. This 

instrument is similar to the previous two Millen models, Models 

90902 and 90903, except that a separate negative supply is used. 








Courtesy Mülen Mfo. Co. 





68J7 (V2) Horizontal-Voltage Amplifier 
SSN) Быр Ок 
SYGT (Va оно 


The schematic circuit diagram of Model 90921 is 
Fig. 22-41. This instrument is a basic sweep oscillator and de- 
flection amplifier system that may be used in conjunction with 
Millen or other basic oscilloscopes to form a composite oscillo- 
scope that would be the equivalent of a standard instrument, 
‘This apparatus, itself, does not contain the cathode-ray tube 














Fig. 22-41.— Schematic of Millen Model K90921. 








Courtesy Millen Mfo. Co. 
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events occurs at a 60-cps rate, thus par os the 
response curve and baseline were. i 


A ntum SED) NUM I GR RA T 6C4 
aes ya erie н 
ed eran eae 





R-C network, to the grid of the 6AKS master-oscill 
When the negative gate signal appears at the grid of the 


SAKS oscillator tube, it prevents the tube from operating. Thus, 
the trace ca the ceclloscope collapses to a straight line during 
the gating period. The alternate straight lioe snd response. 
Gurt presentations appear ia response cuve with a reference 
‘baseline on the screen. 
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Fanguency RESPONSE i 
Vertical Amplifier 10 cps to Ime, within 6 db 
Horizontal Amplifier 10 eps to 250 ke, within 1 db 
Sweep Circi 10 cps to ke 


Vertical Amplifier 002 rms volts inch, maxi 
fertical Amplifier 0.02 rms volts/inch, maximum 
Horizontal Amplifier 0.5 rms volts/inch 


Lane Ravine 110-190 volts, $060 sps 
Тош Сомтзмант 
si Verbal npa 
SAS Vertical Ampliser 
Nar bel 
or 
Horizontal Amplifer 


Low-Voltage Rectifier 
High-Voltage Rectifier 
SCPIA Cathode-Ray Tube 
The schematic circuit diagram of Model ES-S00 is shown 
in Fig. 22-45. 
RADIO CITY PRODUCTS MODEL TV 96 

Farguexcy Resroxse 

Vertical Amplifier S eps to 200 ke, +2 db 

Horizontal Amplifier 5 cps to 200 kc, 2 db. 

Sweep Circuit 10 eps to 48 ke 
Deriecnon Facrons 

‘Vertical Amplifier 0.285 rms volts/inch 

Horizontal Amplifier 0.32 rms volts/inch 
Lane Ratina 115 volts, 50-60 eps 
‘Tome Comrtenent 


7W7. 
SYGT 
2x2 


Ty 0 Function 
m 1) Vertical Amplifier 
767 (V2) Horizontal Amplifier 
ЗВРІ (УЗ) Cathode-Ray Tube. 
6X5GT (V4) High-Voltage Rectifier 
[o (УЗ) i ‘Rectifier 
Tash FM Bacto 
6SB7Y (V8) R-F Oscillator, 


Е е ГАЛА fot c 
Ё пип - or i 
Sila alge: contio ch ш 4 экш пагане. 
ato, beide the basic oocilioscope section "There a loo 
Available à "travel" probe which may be used to pick up am 
PY signal, We and feed the signal tothe vertical 
QU) input of V 
14 in e V7 fom oco circi ig «aac variatie in- 
ductanee component v ‘through a cos modulation 
action due to the voltage at RAS. V7 is an oltra-audio 
Ойно та Г igre ed into V8 trough, C25. e 
Er CEP E 
ined in * om 
‘A tated generator can be connected to the marker jack. 
ACA MODEL WO37A 
Furguency Resroxst 
Vertical Amplifer 0 cps to 100 ke 
Horizontal Amplifier D cps to 100 ke 
Sweep Огой 0 pe tol 
Facroas 


Vertical Amplifer 0084 d-c volts/inch. 
Yertial- Plates Peak to peak 54 volts/inch. 
Horizontal Amplifier 0.105 volts/inch 

Plates Peak to peak 67.5 volts/inch 


Horizontal. 
Lave Ratan 105-115, 115-125 vols, 50/60 eps 
"тз Сомтлминт 





ese t V2, V4, Amplifier, 
D Bic ops 
Esya vzvo Volas Amper 

Vio, VI Viz ум, 

VIS VIT VIS, 

m 

SUP1 (V13) Cathode-Ray Tube 

та сул, 

) Voltage Regulators’ 


4G (V23) Low-Voltage Rectifier 
'V24,V25) Voltage Doubler Rectifier 
2X2A (V26) High-Voltage Rectifier 


The schematic circuit diagram of Model WO-27A is shown 
in Fig, 22-47. The circuits are practically identical with those 
it analysis is given. The WO-27A 


Father i ray 

2X2A rectifier rather than the 879 of the 327-A. The panel 
entrols on the WO-27A and the general appearance of the 
instrument differ slightly from the 327-A. differences 











are 
Бет 
Vertical Amplifier 7 cps to40 ke, at within + 10% 
Horizontal Amplifier 9 cps to 40 ke, ft within e 1096 
Sweep Circat 15 eps to SO ke 
Pervert Kepler peak to peak, 1.33 volts/inch 
'ertical Ampli v зонта 
Уш Plats Peau paie L0 vlu/inch 


Horizontal Amplifier peak to peak, 1.5 volts/inch 
Horizontal-Defletion Plates peak to peak, 135 volts inch 
Line Rao 105-125 volts, 50-00 cps 








Type Function 
6AU6(V1,V2) Horizontal Ampli 
6AU6 (V3, V4) Vertical Am 

6]6 (VS) ‘Sweep Окі 

6X4 (V6) 'oltage Rectifier 
6X4 (V7), High- Voltage Rectifier 
ЗМР! (Ув) Cathode-Ray Tube 


‘The schematic circuit diagram of Model WO-SSA is shown 
in Fie, 20-08 The vertical and horisontal reli 
tenes ar qroudol 1rd ampli, Howeeen hey 

м an ers. However, they are 
somewhat unusual with respect tothe vertical. and horizontal- 
entering cireuit arrangements, Examination of the ИЗ 4 sec- 
tion shows the electron flow from Band ground is up through 
R11, R10 and R13 to pin 7 of V3 and V4 








оп ИЗ, ав required. 171 and 172, in conjunction with R23, afford 
gina action fer the horizontal amplifier The swekp cireit 
is a Potter oscillator using a high-vacuum 6J6 twin triode V5. 


RCA MODEL WOSIA 
Farquewcy Resrow 
i Scps to Me, fiat within 2096 


Horizontal Amplifes 6 cps to 100 kc, fat within = 1096 
Sweep Cirenit 10 eps to 100 ke 
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Fig. 22-48.—Schematic of RCA Model WO-S5A. 
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ACA MODEL WO40C 
Farquency Rssronse 
Vertical Amplifier 2 cps to 100 kc, +20% 
Horizontal Amplifer 2 eps to 100 ke, £ 20% 
Sweep Circuit J cps to 30 ke 
Diriacriow Facrons 
Хет Ample 002 ти зенде 
ion Plates 12 rms volts/inch 
Horizontal Arpliler 0024 rs vols /ach 
Horizontal- Deflection Plates 15 rms volts/inch 
Liwe Ratin 105-125 volts, S0-60 cps 
‘The schematic circuit diagram of this conventional general- 
purpose instrument la shown in Fig. 22-30. 


ACA MODEL WOSA 


Fazguzxcy Rasroxse 
Vertical Amplifer 19 cga to 5 Me, fat within a: 20% 
Horizontal Amplifier Ie, Hat within 10% 

Sweep Creat 0 cps to BIO kes saviaath 1 pa o 30 ke, 
triggered sweep. 


Derzcnon Factors 
Yer Anger sio Ач А 


Morisona Arplfer pesto pes Zdis eh Гас 
Horisenal-Delectin Plates pk i pe 89 volu/inch 


Lane Ratio 105-125 volts, 50-60 cpa 
The schematic circuit diagram of Model WO-79A, includ- 
ig complemen and ein shown in Fig, 2231, 
TUS nra i idea ey ate 
qp шу ard MO vod dation ote ccs 
rst amplifier wd cs 
ace Outpt tat fom the etal a iurat oe 
network and voltage о 
о антен Росте network de 
lays the vertca-defection voltage two-tentha of one micro- 
second s0 that when the signal under observation is used to 
ie nS, epee шыш 
ie dme Slay thus facitintes ‘observation of signals 1 
аа 
‘The instrument provides sawtooth as well as triggered sweep 
operation. An intensifying amplier: permits increasing. the 
Pe Te Een of: 
ion. An, im contr Н eos fel 
mm ПЭТ сомга in ie че an 
"This contro permits adjustment 
Potential with espe tote second anode of e 
Rite for uxíorm definition over the entire surface of the erem. 


ACA MODEL 181, 181A. 1814 
Fanguency Rasroxse 


i: 
a gti 


Darixcriow Facrons (151, 151A) 








Vertical. $ volts, 

Vir Se Pg rack 
e 

Horizontal Plates peak to peak, 250 volts/inch 


Denscrus Faces (502) 
lifer 0.5 rms volts/inch 
Pies Siro volu fich 


Vna Tr vot/ineh 
forizental-Dedecton Plac Mea valtu/inch 
Lost Rasse 10-120 voa, $40 ce 


Tuse Соммлмнт 

Type Function. 

606 Neat Ample 

666 Horizontal Ampli 

ЕЧ Gaseous-S lator 

913 (902) Cathode. (l inch) 
Full-Wave 


of Model 151, 151A is shown 
End 22-S2A and the difference between these models and 





ACA MODEL 155A 


Farguency Resroxse 
Vertical Amplifer to 12 ke, within 1 db 
Horizontal Amplifier to 12 kc, within 1 db. 
Sweep Circuit 15 cps to 16e 

Deruecrion Facross 
Vertical Amplifier 08 rms yla/inch 

Hocieonat Anpiter 08 tm valla/inch 

cca ma vals 

orizontal- Dedection Plates 


con rae 
Lint Ratin 110-120 volts, S060 
ircuit diagram off Model 155-A is shown in 


ACA MODEL 185-6 
ener Buena, 
'ertical Amplifier. 
Horizontal 
Sweep Circuit Depe 
Dan genox Facrons 


a See rar 

m ا‎ 
[SIS DELE M 

Nor 


40 ke, t: 10: 
tois 2% 


Model 15SC uses a conventional: asis from 
Fi Е ЕА 
ыш ina Potter 


























Fig. 22-50.— Schematic of RCA Model WO-60C. 
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Connery RCA 


Fig. 22-51.— Schematic of RCA Model WO-79A. 
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Fig. 22-54. Schematic of RCA Model 155-C. 
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CA MODEL I 
Farguancr Risronse 
Verl Ampliss 15 eget 20 ke 1095 
Morisona peto ke, = 1096 
Sweep Circuit d eps to 18 Ee 
Demzctiox Factors 
ао Азий иы н пао лка 
Venial Ar tough Pre Ашы тле 
A ms FS rn volta iach 
EES 
тоз Сомтымтнт 
d Function 
cv Horizontal Amplifier 
se А, Q Vertical Amplier, First 
үз) Yerical Ampliter Send 
Svo, von Sweep nl 
З азн (уз) Cie Ra 
Tov Voltage Recüter 
mW) High-Voltage Rectifier 


нуе Siret diagram for Model 159 is shown in 
special high-resistance frequency-compensated 
four step attenuator is employed between the vertical input 
and the vertical amplifiers. “A. 10,000-ohm preset 
potentiometer RZD which is in the coupling circuit between 
the 65J7 and 6AC7 vertical amplifiers is used as a low-fre- 

quency adjustment. 

RCA MODEL 1003 


enc Бизон 
Nerone 


ert Amplifier 1S eps 


H 
Sweep Cic pato 10 


Vertical. Dedection Plates 17.3 rs els inch 


VRIS0-30 


Horizontal Amplifier 075 rms volts/inch. 
lorizontal-| tion Plates 17.5 rms volts/inch. 
Lune Ratine 105-125 volts, 50-60 cps. 
oe 
Type Function 
6C6 (VI) Horizontal 
6C6 (у v3) Vertical 
Eug. mem 
SBP} yu HPI(VS) Cathode-Ray Tube 
E Voltage Rectifier 
Ve Rectifier 
iin EEE 


v9) Voltage Regulator 


Ths schematic crt ingram of Model 160-B i shown ia 
Fig. 22-56. The circuit design ly complex. A 
Somewhat unusual feature is the use of two gaseous voltage 
potential of D2, A бат reveung ewich $0 ia 

. A vertical defection reversing switch SO is 
‘Connected to the vertical-deflection plates so that 
of vertical defection may be changed at will, This is usef 
‘when observing resonance curves where the detector polarity 
may invert the curve. 





i 


Farguency Resroxse 
Vertical Amplifer 4cps to 100 ke 
Horizontal Amplier eps to 100 ke 
Sweep Circuit 4epato 18 ke 


Vertical As 0.02 rms volts/inch 
Vertical-Deflection Plates 29 rms volts/inch 
Horizontal Amplifier 0.02 rms volts/inch 
Horizontal- 729 rms volts/inch. 

Lixz Rarimc 110-120 volts, $040 eps 

Тон Сомтамкнт 

Type Function 
6C (1,2) Vertical Amplifier 
606 (3,4) Vertical-Output Deflection 
665 (5.6) Horizontal Amplifier 
6С6 (7:8) Horizontal-Output Deflection 
SE) Syne Amplifier 

10) Gaseous. Sweep Oscillator 

grein Blanking Ampli 
E» 2 High-Voltage Rectifier 
2A3 (13) Ve 
2 09 Control Tul 

4 (15) Voltage 
523 (16) Low-Voltage Rectifier 
51 (17) -Ray 


The schematic circuit diagram for Model 30A which em- 
a inch cathode-ray tube, is shown in Fig. 22-37. Both 
gere ure denical and ea will accommodate 





lance to round) oF single 
) input circuits. A аг. 
which operates аза di 
E 3 
is ampli- 
ian oa the RDO Pay be, jas 
‘and thus modulate the intensity 
time or frequency 
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RCA MODEL 227.4 
Fasguancy Resroxse 

Vertical Amplifier 0 cps to 100 ke 

Ногиота! Хара бон 10100 ke 

‘Sweep Circuit | eps to 30 ke 

Blanking Amplifier 30 eps to 100 ke 
Deruacrion Sexsinivrey 

Vertical Amplifier 0,025 rm volts/inch 

Vertical "Plates 52 rms vola inch 

Horizontal Amplifier 003 rms volts/nch 

Horizontal Delection Plates $2 ms volts ineh 
Lamp Raging 105115118125 and 210-28/280-290 vals, 





0 cps 
Tune Coururerxr 
Type Function 
эч Cathode-Ray Tube 
6SFS (twelve) Voltage Amplifers 
SIS (owe) Voltage Amplifier (Phase Inverter) 
SNOT (four)  SyneAmpliher, Kering, Rectiber, 
Blanking Amplifer 
ev Timing-Axis (Sweep) Osclator 
879 igh- Voltage Rect 
SVAG, Low-Voltage Rectiher 
SXSGT (two)  Voltage-Doubler Rectifiers 
VRIS0-30 (two) Voltage Regulators 





The timing oscillator circuit uses a special circuit which 
functions as a one shot multivibrator, or multiple-sweep opera- 
tion. A GN7 (1/3) is used in the timing oscillator circuit. The 
ON? is part of the single-sweep circuit. The output of 
'axis oscillator is fed to a 6SN7 cathode-follower 












Ще 
Bit 


eit 


f 
EUH 


M 
i 
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on the input. 


amplifier (grid of 76). Movement of the spot on the screen 


Of the cathode-ray tube then results. To prevent a spot from 


ing before the start of the the blanking amplifier 
is connected to the Keying tube PZ 






tracing from R95 to R97, VI7, 
R99, VIS, R103 and B+, vo that it is apparent that VI7- 
119 form a series circuit: and from R96 to 
V20, R104, and H+. V 18 and V20 also forma ve it. The 
two series circuits, considered together form a push-pull ampli- 
fer stage. 
The power: stage or deffection-stage circuit is quite 
creatine rsa eit ie 
erential dc ph pl umplier comintng basicaly of & 
bridge circuit formed by arms R10i, R102, and R103, R104, 
‘The amount of unbalanced current flow, which is coupled to 
the deflection plates, depends on the relative input signal. 


FREQUENCY RESPONSE 
Vertical Amplifier 5 cps to 11 Mc, flat within + 1 db 
Horizontal Amplifier 3 cps to 500 kc, flat within + 2 db, 

Circuit Sawtooth Range, $ cps to 100 
s, Šepsto2 Me 

‘Dertection FACTORS 
Vertical. Amelie rms volts/inch, (2nd anode 2,600 У) 
Vertical- M^ ion Plates 35 rms volts/inch, (2nd anode, 











ke, Syne 


The schematic circuit diagram including tube complement 
ant fusions i shown in Fige 229A, CRower Se 
22598 (Oscilloscope). This escilloscope 
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1. 22-59A.—Power supply of RCA. 


Model 715-8. 
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SIMPSON MODEL 480 
obe and shown in Fig, 


Model 480, referred to as the Genesc 
actually a combined 
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SUPREME MODEL HEA, 650, AND 615 
Furguency Resrowse 
‘Sweep Circuit 15 eps to 30 ke 
‘Lava Raine 110-125 volts, 50-60 cps 


Тоз Соммамант 
Type Function 
SEPIA er SAPI (VI) Cathode- Ray Tube- 
ar Vo : 
Ss en 
65J7 (V6) Horizontal Amplifier 
The circuits of Models 546-A, 650, and 655 are very much 
alike. The differences ar chiefy in physical appearance and 


ia p 
SA and 650 wie a JAPI cathode- 
Tay tube. Model 655 uses a SCPI-A, a Sinch pos 
the 25 elt winding: Bd, shown in Fig, 2002 To aiio e 

winding B-B, shown in Fig. а 
А uer арабе has Been inserted ren he arable 
arm of RO to ground, in Model 655. 


‘SUPREME MODEL 40A 
Line Ratine 117 volts, 60 cps 


Това Сомтлыажт 
Type Function 
1852 Input Vertical Amplifier 
1852 ука Ашен 
1852 Vertical Amplifier 
егез! 


‘Vertical Amplier $ cp to§ Me, 2d 
ESSEN 
Sweep Circuit? pe to 30 ke 
Duruscrion Facrons. 
lifier 0.2 
Vertical Amott d ne rms volts/inch. 








Vertical A 10 eps to 100 kc, within 3 
Horizontal Amplifier {0 cp to 100 kc, within 3 db 
Sweep Circuit 15 cps to 40. 

Derurcriox Factors 

iier 5 rms volts/inch. 





Vertical-t Plates 17 rms. Nh 
Horizontal Amplifier 0.5 rms volts/i 
Horizontal-Deflection Plates 17 ms volts inch 
Line Ravan 108-125 volts, 50-60 cpa 
TUE COMPLEMENT 
Type Function 
2C7 (V101, Vertical майды, 
79 (у102 Horizontal Amplifer 
884 ( he Sweep Oscillator 
3AP1 (V104) Cathode-Ray Tube. 
7Ү4 (У105) Low-Voltage Rectifier 
SYIGT (V106) High-Voltage Rectifier 
The schematic circuit diagram for Model 131 is shown in 
Fig. 22-65. 
SYLVANIA MODEL 132 
Fanguencr Resroxse 
уаде Р Es es sath 
t 
‘Sweep Circuit 15 cps to. ‘soe я 
Dervection Factoas 
Vertical 021 
Vertical Pater IS ms roa finc 
Horizontal Amplifier 0.25 rms volta/inch. 
1-1 Plates 18 rms volts/inch 
Line Rar 105-125 volts, 50-40 cpa 
TURE COMPLEMENT 
Type Function. 
2g (vil: Vertical аря 
25 (vn Vertical Output 
7@ (У103) Horizontal Input. 
2C? (V104) Horizontal Output. 
BY om Sweep Oncllator 
2X2-A (VI Ve ‘Rectifier 
7Y4 (105) Fewer жү 


ml f mete drole dirum of Model 122 ie shown in 
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Fig. 22-64.— Schematic of Supreme Model 660. 
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MOTE:-ALL CONDENSERS inf AND 400 VOLT marme ano 





ALL REBUTORS Ih OMS AD lA BATT UNLERE OTHEREIOE NOTED 
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Pié 22-68—Sehematic of Syivania Model 131. 
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Fig. 22.67A.— Schematic of Tektronix Model SI1-A. 











Fig; 2267B.— Power supply oí Tektronix Model SII-A. 


COMMERCIAL OSCILLOSCOPES AND RELATED EQUIPMENT 945 


10750 kc, +10% 


oim cn Ries op 


pa to 325ks, +109 
мелше 

Arepliter 1 ma my 
К Plates 215 rms volts/inch 
Horizontal Amplifier 60 rms mv 


Жа Aedilis 2 чо ттш 
The schematic circuit diagram of Model T-602 is shown in 
Fig. 2-68. 

TNUMPH MODEL ме 
Persea Amliez 10 epa to 10 ke 

Horizontal Leo ke 

Sweep Circuit 7 eps to 30 
Deruzcriox Factoas 


Vertical 0.4 rms volts/inch 
P Plates 18 rms. 
lifer 0.45 rms volts /inch. 
Plates 20 rms volts/inch. 
Lonk Ranwo eee div volts, 50-60 cps 
rr ب‎ 
Type Function 
Vertical бет. 
Sum Hocsonal Ampliter 
Oscillator 
Trace-Blanking Tube 
Bene Sere 
6X5 E Low-Voltage Rectifier 


‘The schematic circuit diagram for Model 840 is shown in 
Fig. 22-69. 


Fasquency Rasronsz 
'ertical Amplifier From 10 cps to 100 kc, +2 db 
Horizontal Amplifer From I0 cps to 100 kc, #2 db 


Sweep Circuit 7 eps to 30) 


Denecriox Factoas 
Yer! 0.8 rms volts/inch 
lates 51.5 rms volts/inch 
ЕЕЕ ier Ie volt 
rms volts/inch. 
oce 105-125 vol, m em 
Това Сомлмаит 
Type Function 
6A (V101) Vertical Amplis 
ВАС? (У102) Horizontal Amplifier 
884 (V103) Sweep Oscillator 
3BPÌ (V104) Cathode-Ray Tube 
2х2 High-Voltage Rectifier 
ox: Low-Voltage Rectifier 





The schematic circuit diagram of Model 841 is shown in. 
Fig. 22-70. 


‘TRIUMPH MODEL 410 
igor Bars 


Vert A gete 
1 
еб Grea m о d 
Versa Avg 0.2 rm voltyinch 
inch 
eee lates Direct 20 rmi volta/inch 
iter 049 rra volt inch. 
i "Plates Direct 20 rms volts/inch 
Lon Rer 5 volt ны 
Tum Counuzncent 
Type Function 
6517 (VTI) Vertcal-Ampliser Input 
SEIS Neral: Ample O Opa 
EU Horizontai Ampliher 
Sweep Oscillator 
ae Blanking Tue 
nyo Бы. 
ч e 
ae (УТӘ) Low: Voltage Rectifier 


The schematic circuit diagram of Model 850 is shown in 
Fu.2271. 
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Fig. 22-@— Schematic of TEC Model T-602. 
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'SISTANCE VALUES IN 


OHMS AND 
CAPACITANCE VALUES IN MFD UNLESS OTHERWISE SPECIFIED 


Fig. 22-69.— Schematic of Triumph Model 840. 
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WATERMAN MODEL 610-4 


Fanguence Resronse 
e pee quet 


Horizontal Amplifier 2 ops to 100 ke, —2 db 
Sweep Circuit 10 eps to 50 
Diruscriow Facrons. 
Vertical Amplifier 1 rms volts/inch 
Vertical Plates 30 rms volts/inch. 
Horizontal Amplifier I rms volts/inth 
Horizontal Plates 24 rms volts/inch 
Line Ratin 105-125 volts, $0-60 cps 
Tux Сомтлмант 
Type Function 


AUG (XI) Vertical Amplifier 
2API-A (X2) Cathode-Ray Tube 
66 (X3) ‘Sweep Oscillator and Horizontal 


6X4 (X4) ifer 
The schematic circuit diagram of Mode! S-10-A is shown 
in Fig. 22-72, 


WATERMAN MODEL 5103 
enc Resronse 
ertcal Amplifer 20 cps to 150 kc, —2 db 
Horizonial Ample 2 cpa to 150 kz, db 
Sweep Circuit 10 eps to 50 ke 
Pervert Api 1 rma volts/inch 
nica Delecion Fate 30 tma vols ich 
Horizontal Annpitfer Eres vol ch 
Horizontal-Deflection Plater 30 rms volts/inch 
Іама Като 105-125 volts, 50/60 cps 


Тоза Сомтлмахт. 


Type Function 
12417 (V1 Vertical and Horizontal Amplifier 
фе HN AE ннн 
ast (v3) Higi: and Low Volare Supr 
2APIA (V4) — Cathode-ay Tube 

‘The achematic circuit diagram for Model $-10-B is shown 

in Fig. 22-73. 

WATERMAN MODEL 811.4 

Fraquency Resronse 

ertical Amplifer 0 cp to 200 ke, —2 db 
Horizontal Amplifier Dope to 20 kc, —2 db 
Sweep Circuit J eps to S0 ke 
Venieal Aper Q1 rm vol/ineh 
VericaDelecton Planes 28 rua voltu/inch 
Horizontal Amplifier 0.1 rms уона, 
Horizontal-Debection iates 28 rm volts/inch 

Іами Rerixc 109-2 volt, 50/60 eps 
том Сомтамаят 

Type Function 

6 (V1. Уегбс Лора Атрівег 
08, Уен шры Аюуйбег 


un ы 
E iS 
NOS and [ntensit lifter 
11726/GT (V6) Low-and. -Ve ifier 
Шарло аа ана 


The schematic circuit diagram for Model S-11-A is shown 
io Fe ETE The instrument aset balaren rely coped 
eri and ormai molis шаман гу со 
зо мше wide еду герое Ч 9 
Intensity Moduiason 

Upon rotation of the FUNCTION switch S2 to HOR, the 
horizontal-input. ‘are connected to the amplifier, 
She linear tme-Case generator. ts made inoperative and Ud 
becomes an intensity lifier for modulating the intensity of 
‘the beam. The plate of the intensity amplifier V5 is coupled to 
the cathode of the cathode-ray tube ; thus a positive signal will 
Produce intensification of the 


WATERMAN MODEL $12.4 
Fanguency Resroxst 
Verbal Ampliter de to 200 ke, ~2 db 
Horizontal Amplier de to 200 ke, d db. 
Sweep Circuit 05 epa to $0 ke 
Vertical Armpit 005 rms volts/inch 
= 005 mo volt 
Узем оаа лала тн чада 
Horizontal Ampliher 0.03 rms volts/inch 


Horizontal-Debection Plates 30 rma volts/inch 
Lawe Ramine 105-125 volts, 50-60 cpa 
том. Сомпамкит. 
Type Function 
7 (V Vertical- Input Amplifes 
BD Venial Cathode ier 
12AT7 (V3) Vertial-Output Amplifier 
ШАТ? (уч)  Horizoamal-Input Amplider 
12AT (VO Horional-Outpat Amplier 
AU Z Syne Paar 
Aun ) cep Caer 
perdre 
Ха (у) Керме Voltage Supr 
ШАХ (уу Inteni-M. ier 
OUP Caed Rar 


in Fig 2278 The neo i. 
ing of the return trace in the 3 
SE When the contral rotated cocks Ben the 
intenity to the control 

заетите PLT Hence, «signal applied tothe INT 
Binding post causes modulation ofthe "tube beam 
шешу: 

Tube V2 is a duo-triode cathode follower which serves to 
icai oe oit coacta of te Srl wage rom he ut 
аске stage. This action ‘oxen. 
ion of the over-all f Tange ofthe amplifier. The third 
M aee LXI fastis at уйше теп ыд 


i 
ü 
i 








EXTREME 
GOuNTER-CLOCKWISE POSITION AS 
VIEWED FROM FRONT OF PANEL 


AL GONTROLS ANE 


Fig. 22.72. Schematic of Waterman Model S-10-A. 


952 ENCYCLOPEDIA ON CATHODE-RAY OSCILLOSCOPES AND THEIR USES 


дес. ch 
































‘Fig. 22-73 Schematic of Waterman Mode! S-10-B. 









































954 








ENCYCLOPEDIA ON CATHODERAY OSCILLOSCOPES AND THEIR USES 





Courtety Waterman Prot. Co. 


Fig. 2295.—Schematic of Waterman Model S-12-A. 
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APPENDIX II 
RMA CATHODE-RAY-TUBE BASING 








APPENDIX III 


PHOTOGRAPHY 

This section will begin with a brief discussion of methods cf. 

phing simple osclloscopic to be followed 
a more discussion of the more complicated phe- 
nomena. 
‘Ample Methods 
The simples, if not the most convenient, method of photo- 
raping images on the screens of oF television 
tubes is in à dark room. This may be if not too 





much auxiliary equipment is necessary or if long cables may 
be sed. e 


rain, tower, ie fund to be mare convenient 1o 
males te rele Pigs fil Beg 
‘it will be seen, the equipment used is extremely simple 
yearn perd fat ech fo ch ынта 
iat cnet ay е eal Sp oer 
Tre slap Бет 
dis radar rice in P ее алча 
All of these methods have the disadvantage of requiring 
either an additional shot for the data, oF 
some inconvenient way of keeping track of the wa 
affixing the date data afterward. A method of photographing 











Fig. 2—Another simple method for oscilloscope photography. рр 


DU MONT PHOTOGRAPHIC DATA? 


‘The Du Mont Type 314 Camera was developed for the spe- 
cific purpose phing the patterns on cathode-ray 


ч 
cecllncopes. An the Bets ot electrichy and electronics, pyr, 
iology, mechanics, hydraulics, geolog, and 


ics, biology, 


Three methods may be used to obtain moving-flm 
recordings withthe Туре 3 Ihe fra uias te motion of 
the film às a time base and records along the length of the 
film. The phenomenon to be recorded is connected to the oscil- 
loscope to produce deflection at right angles to the motion of 

‘Since the film moves vertically in front of the cathode- 
ray tube, this means that the signal must either be connected 
to the horizontal amplifier of the oscilloscope or to the vertical 
amplifier, with deflection-plate connections interchanged so 
that horizontal deflection is produced. On many Du Mont 
‘oscilloscopes, deflection-plate connections may be changed by 
strap and terminal arrangement at tbe rear without Temov- 
ing the oscilloscope from its cabine On other oscilloscopes, 
the same result can be achieved by reversing connections in- 
ternally, or by rotating the cathode-ray tube 90°. [t is ordina: 
ily preferable to use the vertical amplifier of the oscilloscope 
because of its greater sensitivity and wide-band frequency re- 
sponse: However, in some cathode ray, oscilloscopes, Where 
Vertical and horizontal amplifiers are identical, there is no 
preference. This method is entirciy satisfactory for relatively 
Мом ог medium-speed phenomena, since the speed which can 
be recorded is limited by the film speed and resolution of the 
fim, Frequencies ap to about 10000 ep can be handled by this 
method with the fim speeds available in the Type 314. 

"The second method utilizes both the oscilloscope sweep and 
film motion to record each successive sweep across the width 
of the film. With this method the film need travel only at a 
Tate sufficient to separate the sweeps; the only limitation on 
the speed which can be recorded in this manner is the maxi- 
mum photographie writing speed of the oscilloscope itself 

"he third method is wselul in photographing phenomena 
which begin with frequency components mach higher than 
those which occur thereafter, A single sweep on the oscillo- 
scope connected to move the fluorescent spot in the same direc. 
tion as the flm motion may be used to spread out the initia 
portion of the phenomenon over a greater length of film. When 
{he aveep is finished, the fm moton alone provides the tine 

e 


It is also possible to operate the Type 314 in a manner simi- 
М short length of fran heeding the ending Him loop 
t's short length of lm and threading ing fim loop 

2 the amera. The camera can then be set to fun at any 
s IAM Ha cog of Se wil ei N rr S 


particular method of recording, the camera can 
serve as a high-speed monitoring recorder and offers a solu- 
tion to the problem of photographing a transient which occurs 
at an unpredictable moment. 
Photographing stationary patterns produced on the cathode- 
ray-tube screen by recurrent signals usually is a simple matter. 


Courtesy Da Mont Labs. 
open for at least the time of 
Of the pattern will kppear 





STRSTR 





pattern can be iphed quickly and conveniently. 
To stationary patterns, the camera shutter need 
be left open only long enough to obtain the required negative 


density. However, there are several difficulties that may be 
encountered, of which one should be aware. 

For example, if the shutter is not left open for at least the 
time of one complete sweep cycle, part of the pattern will be 
missing, as shown in Fig. $. It is best to use an exposure time 
af lant several times Jonger than the time of one swe le to 
Obtain unitorm density over the entire portion image, 

‘With some types of signals (such as square waves) where 
the writing rate over various portions of the cycle changes 
greatly, with resultant large variations in brightness over dif- 
ferent parts of the pattern, it may become necessary to over- 
expose the brighter parts of the pattern in order to obtain 
satisfactory recording of the less intense portions. 








Courtery Du Mont Labs 


Fig, 6—Film was deliberately over-exposed to record ex- 
tremely rapid portions of the trace, 





Courtery Du Mont Labs 


Fig. 7.—A similar film, reduced by chemical means. Note 
improvement in clarity of detail. 


Figs, 6 and 7 illustrate this technique. It is nearly always 
le to overexpose if one is doubtful about the expos 
use the negative always can be i 
chemical means. In fact, chemical reduction of the oscillogram. 
is often wed in the laboratory as a means of enhancing the 
contrast between the trace and background fog. 
Often it is desirable or necessary to use color filters between 
the cathode-ray-tube screen and camera. A filter having à 
color transmission she samne as the fluorescent trace may im- 
contrast by darkening the screen background, particu- 
e are may eiai in ойор. photograph 
аге талу ез in oscil tography 
Which enhance the use of oscilloscopic recordings as a mans 
of obtaining data. For example, any number of traces could 
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Fig. 8.—A triple exposure photograph. (For other triple ex- 
posure photographs see Chapter 12.) 


be superimposed upon one another for later comparison, 
merely by making multiple exposures. ‘The cacllogram it 
iage Calibrator superimposed upon, ihe clipped Peaken of a 

brator soperimpesed upon 1 
ine vave. Three exposures were made in thy cae: one ol 











the sine-wave peaks, another of the fat. calibrating 
waveform, and a third of an edge-illumna ved lucite 
scale. Note how an oscillogram such as this immediately makes. 


data on the same negative as the trace recording. All that is 
needed js an illuminated ground glass surface upon which one 
‘an write data, and a suitable mask to prevent fogging the 
film. "The ovcllogram of Fig. 9 was obtained by frst making 
an exposure of the trace and then placing the camera on an 
illuminated box with a ground glass on which the data were 
inscribed with an ordinary lead pencil, making a double ex- 
posure. 


bon 





with a Du Mont Type 314 Camera. It is obvious that while 
Fig. 10 provides a good over-all record for qualitative study, 
the expanded 11 is preferable where an 










accurate quantitative analysis is necessary. 


Е emet 
z E 
sae 
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Fig 10—Sinele exposure hie recording of the 
MERE EE, 





Fig 11 Moving film recording o the same starting current 
characteristics as shown m Fig. 








In the st method, the spot on the cathode-ray tube is de 
fected by ihe signal slong one axis only, and the time axis 
Provided by the motion of the fm the direction pe 
TG the spot deflecnon Thiy method has certain limitation. 
rie oam si renin rary fm he rece 
ing of a 100-Ke signal, for matance, would require à fim v 
of at least SO feet per second This method leads to considerable 
fles consumption and is therefore recommended only for the 
recording of low- and medium-frequency signals. 
mal” ues here it i сеат to provide a monitor for ol 

s occurring completely at random over long periods of time, 
® continuous motion recorder x, of course, mandatory. The 
“Type 314 Camera, for example, ray be used at its 
lowest speed to record continuously for à period of B% days 

’A second method of continoous-motion recording, which has 

antages in many cases, in to une a driven or rec rnt sweep 
on ihe cathode-ray oscilloscope and to move the film perpen. 
dicular ri othe recon ofthe sweep at a peed Sterne 
the repetition rate of the sweep 














Courtesy Du Mons Lobs 
13.— Continuous-motion recording illustrating the "inter. 
lace” which is possible with certain types of signals. A slow film 
speed is employed in plotting sweeps across the film width 








ng. 
que o recording includes a combination of the 
oscilloscope sweep speed and the speed ol the film to provide а 
complex time base, which 1s faster or slower than either the 
sweep or the fim motion (depending on the direction of each 
For example, in one application, it was necessary to record a 
phenomenon which began as a rapid complex transient and 
Seded ut Pi ta 74 E Tie rapt ited 
*& single-sweep circuit in the cat oscilloscope whi 
the film was moving slowly; the direction of he sweep as re. 
{erred tothe film plane was opposite to the motion of tbe flm. 
Thus, the speed of the resulting time base was equal o the 
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Fig 14— (A) Shock transient and gubveqeent cecillatiaa of 
coiled spring, recorded using both oscillograph sweep and Aim 





motion; (B) same as Part (A) without the use of the oscillo- 
graph sweep. Note how initial detail of trace is lost. 
‘ment Pickup fiom one end and connecting the leads to 


As sar af recordin sad he last frequen Vibra: 
"he start of fow-natural-fr E 
Meet sta a en er 
difference in writing rates causes the high frequencies to be 
underexposed while low frequencies are overexposed. Fig. 14B 
shows the ‘that is obtained using the first method. 
Note that all detail is lost ín the high-frequency oscillation, 
actorily- 
For all recordings by means of continuous-motion cameras, 
regardless of the method used, only short-persstence screens 
{an be employed to avoid blurring of the fim by afterglow. 
‘The seriousness of this effect is shown by Fig. 15, w 
sss the recording o à aps signal ona dl perient 
screen. For comparison, the recording of a 1,000-cps i 
оп а short-persistence P11 screen may be seen on Fig. 16. No 
Blurring can be observed on ths 
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Fig, 15— Continuous-motion recording of a 60-cps sine wave. 
Blurring is dor to the long-persstence characteristic of screen 





Conrtety Du Mont Labs 

Fig. 16— Continuous-motion recording of 1000-cps sine wave 
trom dirt rersieenes P serm, Nate cri a compared 
to Fig. 
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sage in certain à 

mama ped for an nets tne in oder to 
record a random tranwient of very short duration. The fim 
must be kept from fogging by using a cathode-ray oecilo- 
Scope having automatic beam control 








Courtery Du Mont Labs 


Fig. 17.—Fogging due to cathode glow obscures much of the 
trace 


Recording ol Bingle and Repetitive Transients 


‘The photographic recording of single transients from ca- 
thodesray-tube sereens requires, considerably more care and 
technique if satsfactory result are to be obtained. To 
raph single transients, two basic methods may be 

The shutter may be opened automatically shortly before, 
gf Gaels when the transient occurs and closed immediatly 
ther, 

2. The shatter may be let open on "Bulb" or "Time" until 
phe transient orua afi Wi e uteri iae photo- 
transients, two 

Er ter melhod i Generally aed because i 

Кош кат сырны МИн, ди юса а ey 
Important to jae to extraneous алар 
and stray electron excitation ofthe screen which might mask 
the signal or reduce the contrast of a low density recording. 
Srerentonre by a spot or Tine should be avoided by the wae o 
oecilicscopes having driven sweeps and automatic. beam- 
Blanking Circuit so that he eam $son only when the transient 











One difficulty that is sometimes experienced is that of a. 
cathode-glow (light coming from the "cathodecray-tsbe 
heater) penetrating the screen and fogging the film, This 
occurs with a sensitive panchromatic emulsion, when the 
shutter i left open for a considerable time before orare the 
transient occurs. An example of this difficulty is shown in the 
oscillogram of a 20-Mc single transient, Fig. 17. Note that the 
fog masks almost the entire signal. Fortunately, this fogging 








can be reduced or eliminated by several methods 
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Fig. 18—Pattern similar to Fig, 17. Cathode glow is reduced 
that the shutter is opened before and 





(a) A nonred sensitive emulsion such as Eastman Lina- 
Ortho (S211) or Ansco Triple $ Ortho 

With some reduction in emulsion speed as comy 

man Linagraph Pan (S24) 

(b) A ble filter, such as the Du Mont Type 216-H or 
Corning Glass #5050, may be placed before a P11 tube to 
absorb the red-orange light from the filament, with some loss 

‘transmission of the desired light. 

(с) The first-mentioned method of photographing tran- 
sients may be used, in which the shutter is either manually or 
automatically opened shortly before the transient occurs and 
closed as quickly as possible after the transient is over. This 
method avoids loss of exposure although the fogging is not 
always completely eliminated, as shown in the oscillogras 

Fig. 18 This oncillogram is ofthe same pattern as 

Бе балы аги би Мар apid tia- 
sient which can be obtained with any given oscilloscope, 
‘camera, and film emulsion. 

In photographing repetitive transients, the same considera- 
tioma are meed as are used for recurrent signals and stationary 
porerne. For a given sweep spond, the exposure obtained wi 

proportional to the repetition rate of the transient. 
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